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World class universities and academic institutions are acknowledged by the 
high quality of researches produced and large number of high impact research 
publications. Therefore, high quality of researches and publications become the 
primary mission for an academic institution to achieve. Sriwijaya University as 
one of Indonesias leading universities has determined to support the 
enhancement of researches and publications by providing platforms such as 
international conferences. 
 
Finaly, I am very grateful fo the dedicated efforts of all the committee members 
who have involved in preparation, organization and administration of this event. 
I hope this conference will provide opportunities to all of participants to 
exchange ideas and result of their work and also to discuss future cooperation 
plans in engineering, science and technology development. 
Thank you very much for your kind participation and I wish you all the best of 
luck. 
 
 
 
Rector of Sriwijaya University 
Prof. Dr. Ir. Anis Saggaff, MSCE 
 
On behalf of Sriwijaya University, I am very much 
privileged to congratulate all participants of The First 
Sriwijaya International Conference on Engineering,  
Science and Technology 2016 (SICEST 2016).  This 
conference is part of the activities to mark the 56th 
year anniversary of Sriwijaya University. 
Today our world is facing the engineering,  science 
and technology problems. Research and 
development in Engineering, Science and 
Technology are one of a few sectors that can move 
forward and expected to be a share for regional and 
global economic recovery. I hope this international 
conference on engineering, science and technology 
can partially respond to the above issues.  
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In order to make SICEST2016 gives more benefit for scientific communities, this 
conference is not only served as a media for research dissemination via presentation. 
SICEST2016 develops publication cooperation with four SCOPUS indexed publications 
to ensure the papers from this conference are well recorded in international database 
and recognized worldwide.    
 
It is our great wishes and expectation that all distinguished guests and participants will 
get the benefits from this conference in order to make this event accomplishes its 
missions.  
 
May all participants will have memorable experiences in Bangka Island Indonesia and 
enjoy the conference. 
 
Best Regards 
WELCOME NOTE  
Welcome to the 1st Sriwijaya International 
Conference on Engineering, Science, and 
Technology (SICEST) 2016. This conference is a 
regular program organized by Faculty of Engineering 
Sriwijaya University.  In accordance with the rising 
demand for global harmonization of education, there 
will be increasing needs for international stages as 
the media for international community to meet, 
exchange ideas, cultures, and create collaborations. 
SICEST is created as a partial effort to accelerate 
international collaboration and dissemination of 
researches in the field of Science, Engineering, and 
Technology. 
 
 
 
Dean 
Prof. Subriyer Nasir, MS., PhD 
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REMARKS FROM CHAIRMAN OF SICEST 2016 
 
 
 
Honored Guest, Distinguished Scientists and Researchers 
Ladies and Gentlemen 
 
On behalf of The Organizing Committee, I would like to extend a warm welcome to all 
distinguished participants who are attending the First Sriwijaya International Conference on 
Engineering, Science and Technology 2016 (SICEST 2016), with the theme : Building a 
better future through innovation in engineering, science and technology This conference is 
the first international conference organized by the Faculty of Engineering, Sriwijaya 
University. 
 
SICEST2016 received 650 submissions, that were sent to review process by SICEST 
reviewers. After a thorough consideration based on the quality of paper submitted. SICEST 
Scientific Committee selected 220 papers for SCOPUS Publication by SICEST Publication 
Partners. There are four SICEST2016 publication partners i.e. Jurnal Teknologi, IJASEIT, 
MATEC, and IAES Journals. SICEST Scientific Committee also selected 180 papers for 
participation in SICEST2016 in Non Scopus Publication. There are 60 participants registered 
as listener. 
 
The papers in this conference are contributed by scientists, researchers, engineers, students, 
professional stakeholders, plant builders, consultants, government officials, marketers and 
professional users/buyers of energy etc., coming from 20 countries and 137 affiliations. 
 
We do hope that by organizing this conference will bring the most exciting development on 
Engineering, Science and Technology for our better future. This activity will provide a forum, 
where all concerned, may change ideas, information and knowledge to enhance the 
development of engineering, science and technology. 
 
I hope that fruitful discussions during the conference will lead to the next steps in expanding 
engineering, science and technology cooperation, and once again my cordial welcome, my 
best wishes and a memorable stay in Bangka Island. Through this occasion, we would like to 
apologize for any unfavorable situations that may cause inconvenience during the SICEST 
2016.   
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Advanced Nanomaterials for Water and 
Wastewater Treatment:  From Strategic 
Fundamental Research to Industry 
Adoption 
 
 
Ahmad Fauzi Ismail 
Advanced Membrane Technology Research Centre, 
Universiti Teknologi Malaysia, 81310 Johor, Malaysia 
Faculty of Chemical and Energy Engineering, Universiti 
Teknologi Malaysia, 81310 Johor, Malaysia 
 
 
Water and wastewater treatment is known to be one of 
the most sustainable solutions to provide fresh and safe 
water for many water stressed communities and industrial 
sectors. Over the last decade, some concrete evidences 
indicate that the advances in advanced materials, 
particularly nanomaterials, have facilitated the next 
paradigm shift in the water and wastewater treatment 
processes. As the integration of nanotechnology with 
these processes is most likely to dominate the future 
research attention and the water treatment market, this 
presentation timely discusses the state-of-the-art 
overview on the enabling and cutting edge water and 
wastewater technology integrated with advanced 
nanomaterials in term of the technological needs and 
future perspective, which include the challenges and 
opportunities of nano-enabled water treatment processes. 
The key issues such as scale-up, economic 
competitiveness, potential environmental impacts and 
energy consumption are discussed. This presentation 
also aims to provide directions and guideline to the 
research community regarding the future outlook and 
roadmap of the application of nanotechnology to heighten 
the performance of the existing water and wastewater 
t r e a t m e n t p r o c e s s e s i n b e n c h - s c a l e a n d 
commercialization level. By taking all key aspects into 
account, the water community should reach a general 
consensus on a holistic technological strategy to make 
decision about the future direction of nano-enabled water 
and wastewater treatment scenario. It is crucial to identify 
the missing pieces and create effective linkages among 
important elements in order to embrace the revenue-
based opportunities of this technology at its best time. 
 
Keywords: advanced nanomaterials, water and 
wastewater treatment 
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Microstructural and Crystallographic 
Design of 
Martensite in Shape Memory Alloys 
 
Osman Adiguzel* 
 
 
Firat University, Department of Physics, 23169 Elazig, 
Turkey 
 
Shape memory alloys have a peculiar property called 
shape memory effect facilitated by martensitic 
transformation governed by changes in the crystalline 
structure of the material, and shape memory properties 
are intimately related to the microstructures of the 
materials. Thermal induced martensite occurs as 
multivariant martensite in self-accommodating manner 
on cooling from high temperature parent phase region, 
and ordered parent phase structures turn into the 
twinned structures by means of lattice invariant shear. 
Therefore, thermal induced martensite can be called 
twinned martensite which occurs as martensite 
variants on the {110}-type close packed planes of 
parent phase structure. Deformation of shape memory 
alloys in martensitic state proceeds through a 
martensite variant reorientation. 
Lattice twinning and detwinning processes can be 
considered as elementary processes activated during 
the transformation. Deformation of shape memory 
alloys in martensitic state proceeds through 
reorientation of twinned martensite. Martensitic 
transformations occur with cooperative movement of 
atoms by means of lattice invariant shears on a {110} - 
type plane of austenite matrix which is basal plane of 
martensite. The lattice invariant shears occurs, in two 
opposite directions, <110 > -type directions on the 
{110}-type basal plane. This kind of shear can be 
called as {110}<110> - type mode, and possible 24 
martensite variants occur. The stressing and releasing 
paths are different in stress-strain profile, and this 
result reveals the energy dissipation, unlike ordinary 
elastic material behaviour. Copper based alloys exhibit 
this property in metastable β - phase region, which  has 
bcc based structures at high temperature parent phase 
field. Lattice invariant shear is not uniform in copper 
alloys and causes to the formation of the layered 
complex structures with lattice twinning. In the present 
contribution, x-ray diffraction and transmission electron 
microscopy (TEM) studies were carried out on two 
copper based alloys which have the chemical 
compositions in weight; Cu-26.1%Zn 4%Al and 
Cu-11%Al-6%Mn. X-ray diffraction profiles and electron 
diffraction patterns reveal that both alloys exhibit super 
lattice reflections inherited from parent phase. X-ray 
diffractograms taken in a long time interval show that 
diffraction angles and intensities of diffraction peaks 
change with the aging time at room temperature. This 
result refers to the redistribution of atoms in the 
diffusive manner. 
 
Keywords: Shape memory effect, martensitic 
transformation, superelasticity, lattice twinning and 
detwinning 
PLENARY SESSION 
Industrialized Building System – An 
Innovative Construction Method 
 
Anis Saggaff* 
  
Civil Engineering Department, Faculty of 
Engineering, Sriwijaya University 
Palembang, Indonesia,  
 
 
Industrialized building system (IBS) has been 
introduced in construction industry as early as 
1960’s.  The challenges facing our construction 
industry are due to shortage of skill labour and high 
cost of construction.  Therefore, the concept of 
construction using IBS is proposed to reduce our 
dependency on intensive labor works and to reduce 
the cost of construction. However, the process of 
changing the traditional construction method to IBS 
has been delayed due to the reluctant to accept the 
changes and even resistant to changes. Therefore 
this paper presents the concept of Industrialized 
Building System, the scope of IBS, challenges and 
way forward to inculcate the use of IBS construction 
in Indonesia. 
  
 
Keywords: Cost effective, Innovative Construction, 
Industrialized Building System, Speedy in 
Construction, Pre-cast Construction. 
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Risk Allocation in Performance Based Contract Clauses for National 
Road Maintenance Project in Indonesia 
Deni Setiawan*, Reini D. Wirahadikusumah, Krishna S. Pribadi 
Civil Engineering, Institut Teknologi Bandung, Indonesia 
 
 
Abstract: As a new contract type for road maintenance work in Indonesia, PBC offers potential improvements in road service 
performance at lower project costs. However, its implementation is still facing challenges, with risk allocation between part ies as one of 
the critical issues. The allocation of risk between project owner and contractor in a PBC contract plays an important role for th e 
success of the project. It should be based on a proper assessment of the involved risks and choosing the party best able to m anage 
them. The purpose of this paper is to review the practice of risk allocation between project owners and contractors in PBC co ntract 
clauses. Specifically the focus of this study is to review the clauses in the Standard Bidding Documents for the PBC work issued by  
Ministry of Public Works, Republic of Indonesia. The result of the analysis shows that contract clauses in PBC contract in In donesia 
tend to allocate more risks to the contractor. For example the contractor has to bear the risk of inflation and exchange rate fluctuations, 
which have to be compensated by increasing the bid price. The contractor also has to bear risks beyond his or her capability to deal 
with, such as traffic overloading, bad road user behavior and improper road side activities such as informal markets using part of the 
right of way including drainage channels.  If the owner can assume these risks with much lower costs, then the risk should be better 
allocated to the owner. 
Keywords: Risk, allocation, performance, contract, roads, m aintenance.     1 
                                                 
e-mail: den9851@gmail.com* 
 
1. Overview of Risk on Consruction Porject 
All construction projects are unique and have their own risks. 
Such projects involve a number of parties concerned, starting 
with the owner, contractor, designer, suppliers, and others. All 
parties involved in a project inevitably carry certain risks. Risk can 
be defined as a hazard, a probability of it to occur and the 
potential of losses and resulting gains [7]. Risk can be defined as 
a difference of actual and expected results [11]. Risks can be 
managed, reduced, transferred or accepted, but it cannot be 
ignored [7].  
Risk management process usually consists of four stages: 
risk identification, risk analysis, selection and monitoring of risk 
management techniques to the consequences of risk. The 
implementation phase of construction started after the owner and 
the contractor sign a construction contract. The purpose of 
construction contract agreement is to allocate the rights, 
responsibilities and risks between the parties. Construction 
business is a business with high risks, such as financial risks, 
political risk, security risk and risk at the time of execution which 
to be managed and handled by contractors. From the moment 
that the decision to begin design is taken until the new facility is in 
use, the owner is uncertain about the outcome of the project.  
Risks are usually considered as uncertain future events, 
which, if they happen, will cause significant extra cost or delay. 
Generally, the project owner usually prefers to allocate most of 
the risk to the contractor. The impact of " must" bear a lot of risks 
, the contractor will perform a " trade off " to the offer price as a 
consequence to accept the risks that are beyond the control of 
the contractor [13]. 
Performance Based Contracts (PBC) is defined as the type of 
contract in which payment is made if the contractor meets the 
performance indicators that have been agreed in the contract. 
Performance Based Contracts focused on outcome (what), 
compared to how the work is done (how). Therefore, in terms of 
risk allocation, PBC is a contract that allocates a greater risk to 
the contractor. [5,6]. The provisions contained in the contract 
should clearly define "new role" of the project owners and 
contractors. The parties involved would have to  clearly identify all 
potential risks and allocate it to the party best able to manage it, 
for example: how to allocate risk in predicting traffic growth and 
how to allocate the risk of unexpected costs that are beyond the 
control of the contractor.  
2. Introducing PBC in Road Maintenance Work in Indonesia 
Road management authority in accordance with Indonesia 
Law No. 38, (2004) implements the activities (that include cycles 
of activities and the realization of the road which consists of 
regulation, development, construction and monitoring) are 
described as follows : 
1. Regulation is the formulation of policy planning, general 
planning, and the preparation of legislation. 
2. Development is drafting guidelines and technical standards, 
service, empowerment of human resources, research and 
development. 
3. Construction of roads is the activity of programming, 
budgeting, technical planning, construction, operation and 
maintenance of roads . 
4. Monitoring is the activities undertaken to aim of realizing 
orderly regulation, development and construction of roads. 
Monitoring include evaluation, assessment and control. 
In handling the road condition, DGH conducts road 
management activities such as: periodic maintenance activities 
and increased structure (betterment). Basically, road 
maintenance activities are to maintain the condition and level of 
service of the road, so that they obtain the minimum total costs of 
transport and has a longer service age. Maintenance of roads 
according to the World Bank (1998) is a process for optimizing 
the performance of the road network throughout the year, aiming 
to keep these roads still function to serve the economic needs of 
society throughout the year and reduce vehicle operating costs. 
Generally, national road maintenance work uses a traditional 
contract with the method of delivery Design-Bid-Build (DBB). The 
characteristics of DBB delivery method are the contract for design 
work and construction work separately conducted, while routine 
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maintenance work is usually done by inhouse management. 
Other characteristics, are  traditional contract using  unit price, 
and requires technical specifications that have been set by the 
owner.  
PBC is an approach that holds contracts with delivery 
methods Design-Build-Operate-Maintain (DBOM). At the PBC, 
design work, construction, through maintenance contracts are 
integrated into a single package and only to one contractor. PBC 
does not set the job specifications, but contractors are limited by 
the outcome. PBC uses lump sum fixed price and applies 
incentives and disincentives in the payment mechanism. With the 
mechanism as mentioned above, PCB diverts a significant risk to 
the contractor, FIGURE 1 shows the allocation of risks in various 
contract strategies for the project road maintenance work. 
 
 
Source: [2] 
FIGURE 1. Contracting Strategies and Allocation of Risk 
 
3. Risk Allocation In Indonesia’s Standard Bidding 
Documents For PBC Road Maintenance Project 
In this study, the risk of road maintenance work projects under 
PBC scheme is defined as uncertain events or conditions which 
have a negative impact on project objectives, that is increased 
cost of the project. List of the risks obtained through literature 
study of various references. Some previous researchers have 
conducted a study on risk identification on Performance Based 
Contracts [3], [4], [8], [9], [10], [14], [15], [16]. TABLE 1 shows a 
list of the various risks that could potentially occur at PBC road 
w ork projects. 
TABLE 1 Risk Identif ication On Performance Based Contract 
No Risk Event  Code 
1 The project stalled due to changes in policy and politics R1 
2 Increasing cost of material and equipment due to inflation R2 
3 Losses due to natural disasters (f loods , landslides , etc.) R3 
4 Increased cost caused by design changes by geography and topography R4 
5 Increased costs due to design errors R5 
6 Increased rew ork to meet the performance standards R6 
7 Increased costs due to the scope and amount of w ork can not be predicted R7 
8 Delays in the construction process due to incomplete specif ication R8 
9 Losses due to unavailability of materials, equipment , and labor R9 
No Risk Event  Code 
10 Increased costs due to f luctuations in currency exchange rates R10 
11 Disputes due to the w eak ability of supervisors R11 
12 Schedule delayed due to w eather conditions  R12 
13 Losses due to w ork accident R13 
14 The dispute caused by lack of understanding of the contractual agreement R14 
15 Late payments to contractors R15 
16 The increasing volume of traff ic and overloading R16 
17 The delay in the project due to the strife caused by the unclear legal framew ork R17 
18 Cessation of the project due to conflicts related to the legality R18
19 Losses due to price estimation error R19 
20 Late payments due to w ork packages that are not included in the priority handling R20 
21 Late payments due to the budget that are not available or is available but less R21 
22 Contractor's Financial failure  R22 
24 Disputes w ith contractors that have an impact on the delay in the construction process R23 
25 Changes in w orking methods caused by the lack of environmental documents R24 
26 Costs for security payment R25 
27 Blockage of drainage channels due to market R26 
28 Losses due to price escalation R27 
29 Theft of materials and equipment R28 
30 Cessation of schedule due to strike R29 
31 Rew ork activities due to the w eak ability of subcontractors R30 
32 Disputes due to performance measurement that does not reflect the performance requirements R31 
33 Cessation project occurred due to force majeure R32 
It is important for the parties involved in the contract to 
understand the risks of what might happen. Contract documents 
is a tool for allocate risk, there is a clause in the contents of which 
party bears the risks and how to mitigate those risks. A review of 
the Indonesia’s Strandard Bidding Documents for PBC National 
Road Maintenance Project provides information on how risk is 
allocated show in TABLE 2. 
 
TABLE 2 RISK ALLOCATION THROUGH CONTRACT CLAUSES 
No Risk Event  Code Risk Barier 
1 The project stalled due to changes in 
policy and politics
R1 Ow ner 
2 Increasing cost of material and equipment 
due to inflation 
R2 Contractor 
and ow ner 
3 Losses due to natural disasters (f loods , 
landslides , etc.) 
R3 Contractor 
and ow ner 
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No Risk Event  Code Risk Barier 
4 Increased cost caused by design changes by geography and topography R4 Contractor  
5 Increased costs due to design errors R5 Contractor  
6 Increased rew ork to meet the performance standards R6 Contractor  
7 Increased costs due to the scope and 
amount of w ork can not be predicted 
R7 Contractor  
8 Delays in the construction process due to 
incomplete specif ication 
R8 Contractor  
9 Losses due to unavailability of materials, 
equipment , and labor 
R9 Contractor  
10 Increased costs due to f luctuations in 
currency exchange rates
R10 Contractor  
11 Disputes due to the w eak ability of supervisors R11 
12 Schedule delayed due to w eather conditions  R12 Contractor  
13 Losses due to w ork accident R13 Contractor  
14 
The dispute caused by lack of 
understanding of the contractual 
agreement 
R14 Contractor  
15 Late payments to contractors R15 Contractor  
16 
The increasing volume of traff ic and 
overloading R16 Contractor  
17 The delay in the project due to the strife caused by the unclear legal framew ork R17 
Contractor 
and ow ner 
18 Cessation of the project due to conflicts related to the legality R18 
Contractor 
and ow ner 
19 Losses due to price estimation error R19 Contractor  
20 Late payments due to w ork packages that are not included in the priority handling R20 Contractor  
21 Late payments due to the budget that is not available or available but less R21 Contractor  
22 Contractor's Financial failure  R22 Contractor  
24 
Disputes w ith contractors that have an 
impact on the delay in the construction 
process 
R23 Contractor and ow ner 
25 Changes in w orking methods caused by the lack of environmental documents R24 Contractor 
26 Costs for security payment R25 Contractor  
27 
Bad road user behavior and improper 
road side activities such as informal 
markets 
R26 Contractor  
28 Losses due to price escalation R27 Contractor  
29 Theft of materials and equipment R28 Contractor  
30 Schedule delay due to strike R29 Contractor  
31 Rew ork activities due to the w eak ability 
of subcontractors 
R30 Contractor  
32 
Disputes due to performance 
measurement that does not reflect the 
performance requirements 
R31 Contractor  
33 Project termination due to force majeure R32 Contractor and ow ner 
 
The result of the analysis shows that contract clauses in PBC 
contract in Indonesia tend to allocate more risks to contractor. For 
example contractor has to bear the risk of inflation and exchange 
rate fluctuations, which have to be compensated by increasing 
the bid price. Contractor also has to bear risks beyond his or hers 
capability to deal with, such as traffic overloading, bad road user 
behavior and improper road side activities such as informal 
markets using part of the right of way including drainage 
channels. 
4. CONCLUSION 
PBC projects in Indonesia allocates more risk that a significantly 
affects on the increase in the project cost to the contractor party. 
For example the contractor has to bear the risk of inflation and 
exchange rate fluctuations, which have to be compensated by 
increasing the bid price. The contractor also has to bear risks 
beyond his or hers capability to  deal with, such as traffic 
overloading, bad road user behavior and improper road side 
activities such as informal markets using part of the right of way 
including drainage channels.The road manager doesn’t bear 
much risk that a significantly impacts on increase the project cost, 
because the payment mechanism used in PBC is  lump sum fixed 
price.  
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Dominant Factor Causes of Construction Waste in the Indonesian 
Construction Project 
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Abstract: Waste construction can significantly affect the construction project performance. Waste construction is not only associated 
with waste of materials in the construction process, but also other activities that do not add value such as repair, waiting time and 
delays. This paper aims to identifying the dominant factor causes of construction waste. The research of method is using ques tionnaire 
instrument to identification of construction waste. As result of this work, 28 factors were identified and assessment dominant factors 
causes of construction waste was determined based on quantification of these factors. The dominant factor causes of construct ion 
waste evaluated using Cartesian diagram based by mean and standard deviation. The dominant factor causes of construction waste 
included in the first quadrant on Cartesian diagram (mean; standard deviation). Based on results of analysis, the dominant fa ctor 
causes are Instruction is unclear (6.53; 0.626), Equipment damaged when used (6.52; 0.587), Waiting the arrival of material (6.78; 
0.626) and Material inventory exceed need (6.53; 0.630). Waste is not only associated with waste of materials in the construc tion 
process, but also other activities that do not add value such as repair, waiting time and delays.
Keywords: Construction waste, Causes, Construction project, Dominant Factor, Identification .     1 
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1. INTRODUCTION 
 Indonesia is a country that growing. Along with 
development, construction projects are an important priority in 
Indonesia’s national development. During the last ten years, little 
research has been conducted in Indonesia on the incidence of 
waste in the construction industry [1]. This time that needed in the 
Indonesian construction industry understands the concept of 
waste to identify waste variables and the causes that significant. 
These factors may assist project managers to find alternative 
ways to increase their project’s performance. 
 Construction waste becomes a global issue facing by 
practitioners and researchers around the world. Waste can 
affects success of construction project significantly. More 
specifically, it has major impact on construction cost, construction 
time, productivity and sustainability aspects [2]. Construction 
waste is not only associated with waste of materials in the 
construction process, but also other activities that do not add 
value such as repair, waiting time and delays. Concepts such as 
waste and value are not well understood by construction 
personnel. They often do not realize that many activities they 
carry out do not add value to the work. These issues contribute to 
a reduction in the value of construction productivity and could 
reduce company performance [1]. Implementation of lean 
production philosophy into the construction environment 
represents tremendous opportunity and challenge. One aspect 
challenging lean construction advocates is the systematic 
identification and quantification of waste, development of lean 
operations, and improvement verification [3].
 This paper aims to identify the dominant factor causes of 
construction waste on construction project in Indonesia. A 
questionnaire survey was used for the mail data collection, 
followed up by intensive interviews. Collected data was analyzed 
using the mean and standard deviation that displayed on 
Cartesian diagram to determine the dominant factor causes of 
construction waste. 
2. LITERATURE REVIEW 
A.    Construction Waste 
 Waste understood as any inefficiency caused by the use of 
equipment, materials, labor, or capital in an amount greater than 
that required in construction projects. Waste included events 
losses in construction projects such as the implementation of 
unnecessary work, generate additional costs but does not add 
value to the product and others [4]. The level of waste related to 
the company’s ability to manage resources. Waste is almost 
always there, regardless of the cause. Therefore, the efforts  / 
programs are realistic is to reduce waste as low as possible [5].  
Lean thinking is based on principles  of the Toyota Production 
System (TPS) and has gained recognition as a new 
manufacturing paradigm. The term Lean first appeared as Lean 
Production [6]. Within the context of manufacturing systems there 
exist seven types of waste. These were first identified by [7] of 
Toyota and reported by [6]. The seven wastes include: 
x Overproduction – Occurs when operations continue after 
they should have ceased. This results in an excess of 
products, products being made too early and increased 
inventory. 
x Waiting – Sometimes referred to as queuing and occurs 
when there are periods of inactivity in a  downstream process 
because an upstream activity has not delivered on time. 
Sometimes idle downstream processes are used for activities 
that either do not add value or result in overproduction. 
x Transport – Unnecessary motion or movement of materials, 
such as work in progress (WIP) being transported from one 
operation to another. In general transport should be 
minimized as it adds time to the process during which no 
value is added and handling damage can occur.  
x Extra processing – Extra operations such as rework, 
reprocessing, handling or storage that occur because of 
defects, overproduction or excess inventory. 
x Inventory – All  inventories that is not directly required to fulfill 
current customer orders. Inventory includes raw materials, 
work in-progress and finished goods. Inventory all requires 
additional handling and space. Its presence can also 
significantly increase extra processing. 
x Motion – Refers to the extra steps taken by employees and 
equipment to accommodate inefficient layout, defects, 
reprocessing, overproduction or excess inventory. Motion 
takes time and adds no value to the product or service. 
x Defects – Finished goods or services that do not conform to 
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the specification or customer’s expectation, thus causing 
customer dissatisfaction. 
 
There has never been a systematic effort to observe all the waste 
in construction projects. Partial study of the various countries can 
be used to show the order of magnitude of non value-added 
activities construction. Compilation of waste is presented in Table 
I, shows that there is quite a lot of waste in construction projects 
[8]. 
TABLE I.  WASTE IN CONSTRUCTION [8] 
Compilation of Existing Data 
Waste  Cost Country 
Quality costs (non-
conformance) 
12% of total 
project costs USA 
External quality cost (during 
facility use)
4% of  total 
project costs SWEDEN 
Lack of  constructability 6-10% of  total project cost USA 
Poor materials management 10-12%  of  labor costs USA 
Excess consumption of 
materials on site 
10% on 
average SWEDEN 
Working time used for non-
value adding activities  on 
site 
Appr. 2/3 of  
total time 
USA 
Lack of safety 6% of  total project costs USA 
 
The most significant factors causing construction waste are 
Poor site management and supervision, Lack of experience, 
inadequate planning and scheduling, Mistakes and errors in 
design and Mistakes during construction [9].  In order to 
overcome the difficulties found in the application of waste 
minimization methodology, an approach that considers  the 
identification of the application of each methodology and tools 
depending on the type of problem or process step in construction 
projects [10]. 
 
B.  Mean and Standard Deviation 
The mean is the sum of the observations divided by the 
number of observations. It identifies the central location of the 
data, sometimes referred to in English as the average. The mean 
is calculated using the following equation (1). 
തܺ ൌ 6ሺܺ ሻ݅Ȁܰ  Ł 
where ܺ ഥ  is mean, 6 is sum of, Xi is individual data points, and N 
is number of data points. 
The standard deviation is the most common measure of 
variability, measuring the spread of the data set and the 
relationship of the mean to the rest of the data. If the data points 
are close to the mean, indicating that the responses are fairly 
uniform, then the standard deviation will be small. Conversely, if 
many data points are far from the mean, indicating that there is a 
wide variance in the responses, then the standard deviation will 
be large. If all the data values are equal, then the standard 
deviation will be zero. The standard deviation is calculated using 
the following equation (2). 
ܵܦ ൌ Σሺ௑
మሻ
ேିଵ     (2) 
where SD is standard deviation and X is individual score. 
C.  Cartesian Coordinate System 
A Cartesian coordinate system is a coordinate system that 
specifies each point in a diagram by a pair of numerical 
coordinates, which are showed distance from the point to two 
lines perpendicular. Each reference line is called a coordinate 
axis, usually showed pair of number (x, y) [10]. 
 
 
 
 
 
 
 
 
 
 
Fig.1. Cartesian Diagram [9] 
 
The Cartesian coordinates is the foundation of analytic 
geometry provides enlightening geometric interpretations for 
many other branches of mathematics. The Cartesian coordinates 
are also essential tools for most applied disciplines that deal with 
geometry, including astronomy, physics, engineering and many 
more. They are the most common coordinate system used in 
computer graphics, computer aided geometric design, and other 
geometry-related data processing [11]. 
3. RESEARCH METHOD 
The research method is  observation and interviews by 
practitioners construction project. Data were collected using a 
questionnaire containing 29 variable factors causes construction 
waste that obtained through interviews and references. The 
questionnaire survey has been done to investigate the relative 
magnitude of all 29 factors. Factors causes of construction waste 
are provided in the questionnaire and respondents were asked to 
select the choice by Likert Scale between 0 and 5 based on the 
experiences of respondents. A score of “5” represents “the most 
significant influence on causes of construction wastes,” whereas 
a score of “0” represents “no influence on causes of construction 
wastes”. Variable of causes factors of construction waste is 
shown in Table II. 
Respondents is project practitioner that chosen randomly at 6 
building construction project site. More than 400 questionnaires 
were distributed to the construction sites and only 383 responses 
were considered to be valid. The average work experience of the 
respondents is between 5 until 10 years. After data collection is 
complete, the data is analyzed levels of reliability and validity of 
variable factors causing construction waste. After completing the 
data collection process, the value of reliability and the validity of 
each factor were calculated. Then results of analysis of the 
reliability and validity of the factors causes of construction waste 
were analyzed using mean and standard deviation. Value of 
mean and standard deviation of factor variables cause of 
construction waste was displayed on the Cartesian diagram. 
Criteria dominant of causes factors of construction waste has the 
value of standard deviation smallest that mean having sufficient 
distribution rate equal to the average. 
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TABLE II.  CONSTRUCTION WASTE CAUSES 
 Causes Type 
1 Instruction is unclear 
2 Lack of w ork supervision 
3 Misperceptions of  draw ing 
4 Change/repair of jobs 
5 Selection of low  quality products 
6 Inadequate storage material 
7 Damage during erection 
8 The influence of  the environment/w eather 
9 Equipment is not good function 
10 Error in Procedure and operating system tool 
11 Error instruction job 
12 Changes of w ork schedule 
13 Equipment damaged w hen used 
14 Repair equipment 
15 Waiting the arrival of material
16 Wait instruction 
17 Poor w eather conditions 
18 Material inventory exceed need 
19 Ordering of material is not w ithin specif ications 
20 Ordering of material too fast 
21 Misinformation 
22 Distance betw een supply of materials and project is too far 
23 Placement of project facilities is not optimal 
24 Error information/instruction material transport 
25 misperceptions operator to transport material 
26 Work instructions is not clear 
27 Design of w ork layout is not right 
28 Work method is not right 
29 Fabrication site is too far 
 
4. RESULT AND DISCUSSION 
A. Reliability and Validation 
Reliability test is a test used to test that the factor causes variable 
of construction waste can be said to be reliable. The question 
variables are reliable if Cronbach’s Alpha > 0.7. Data were 
analyzed using SPSS and the results shown in Table III and 
Table IV 
TABEL III. RELIABILITY TEST 
Cronbach's Alpha N of Items 
0.921 29
 
Cronbach’s Alpha value used to test the reliability of the 29 
questions. Table III shown that the Cronbach’s Alpha is 0.921 > 
0.7 can be said reliable. Further more is test for the validity of the 
29 factor causes of construction waste. Item-total statistics 
provide information about the test validity. Validity test results  is 
presented on Table IV. 
 
29 causes factor of construction waste can be said valid if the 
value Corrected Item-Total Correlation > Table Correlation. The 
table correlation value is obtained from: 
Number of respondents (N)  = 383 
Degree of freedom (df) = N – 1 = 383 - 1 = 381 
Significant level (D = 5%)   
Table correlation value (rtable)  = 0.101 
Table IV shown the value in the Corrected Item-Total Correlation 
column has values of correlation greater than 0.101 that indicated 
the factor causes of construction waste is valid 
 
 
TABEL IV. VALIDITY TEST 
 
Corrected Item-Total 
Correlation 
rcount 
Product 
Moment 
rtable 
 
Result 
1 0.453 0.101 Valid 
2 0.460 0.101 Valid 
3 0.491 0.101 Valid 
4 0.457 0.101 Valid 
5 0.470 0.101 Valid 
6 0.637 0.101 Valid 
7 0.617 0.101 Valid 
8 0.516 0.101 Valid 
9 0.509 0.101 Valid 
10 0.516 0.101 Valid 
11 0.495 0.101 Valid 
12 0.469 0.101 Valid 
13 0.404 0.101 Valid 
14 0.572 0.101 Valid 
15 0.443 0.101 Valid 
16 0.480 0.101 Valid 
17 0.571 0.101 Valid 
18 0.602 0.101 Valid 
19 0.518 0.101 Valid 
 
Corrected Item-Total 
Correlation 
rcount 
Product 
Moment 
rtable 
 
Result 
20 0.568 0.101 Valid 
21 0.642 0.101 Valid 
22 0.582 0.101 Valid 
23 0.605 0.101 Valid 
24 0.519 0.101 Valid 
25 0.554 0.101 Valid 
26 0.514 0.101 Valid 
27 0.469 0.101 Valid 
28 0.557 0.101 Valid 
29 0.234 0.101 Valid 
 
B.   Dominant Factor Causes of Construction Waste 
Dominant factor cause of construction waste is processed 
using the Mean and Standard Deviation. Variables that have a 
large mean and low standard deviations were considered to 
indicate the most influential variable, because the larger the mean 
value, the greater the value of the variable scores owned. Value 
of small standard deviation means higher consensus on these 
variables. Furthermore, Mean and Standard Deviation values 
applied to the Cartesian diagram. The dominant factors  cause of 
the construction waste that have a standard deviation value of the 
smallest and the largest average value shown in the diagram 
Cartesian. Results analysis of Mean and Standard Deviation are 
shown on Table V. 
Value of Mean and Standard Deviation are displayed on 
Cartesian diagram is shown on Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The Cartesian Diagram of Waste 
III II 
IV I 
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Fig.2. The Cartesian Diagram of Waste Causes 
 
TABEL V. MEAN AND STANDARD DEVIATION 
 Mean Std. Deviation 
1 6.53 0.626 
2 6.37 0.657 
3 6.43 0.634 
4 6.36 0.683 
5 6.34 0.631 
6 6.39 0.642 
7 6.39 0.626 
8 6.67 0.732 
9 6.48 0.626 
10 6.52 0.697 
11 6.42 0.535 
12 6.45 0.567 
13 6.52 0.587 
14 6.36 0.570
15 6.78 0.626
16 6.44 0.615
17 6.68 0.737 
18 6.53 0.630 
19 6.62 0.656 
20 6.48 0.617 
21 6.48 0.613 
22 6.53 0.654 
23 6.50 0.578 
24 6.75 0.732 
25 6.55 0.649 
26 6.50 0.690 
27 6.62 0.698 
28 6.44 0.656 
29 6.50 0.674 
 
 
Dominant factor causes of construction waste lies in Quadrant I. 
They are point Number of 1, 13, 15 and 18 that shown in Table VI 
 
TABEL VI. DOMINANT FACTOR CAUSES 
Point 
Factor Causes 
Mean 
Std. 
Deviation 
1 Instruction is unclear 6.53 0.626 
13 Equipment damaged when 
used 6.52 0.587 
15 Waiting the arrival of 
material 6.78 0.626 
18 Material inventory exceed 
need 6.53 0.630
 
Table VI shown of the dominant factor causes of construction 
waste. It states of the factor causes of construction waste that 
affects the project performance. Dominant factors are Instruction 
is unclear, Equipment damaged when used, Waiting the arrival of 
material, Material inventory exceed need. These factors also 
affect the additional time and cost of construction. 
 
5. CONCLUSION 
This research has helps identify of dominant factor causes of 
construction waste on construction project in Indonesia. The most 
significant factor causes of construction waste are Instruction is 
unclear, Equipment damaged when used, Waiting the arrival of 
material, Material inventory exceed need. Waste is not only 
associated with waste of materials in the construction process, 
but also other activities that do not add value such as repair, 
waiting time and delays. These findings will give a better 
understanding to the construction project practitioners in 
Indonesia and create awareness among them for undertaking 
future construction project. 
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Abstract: Helical pile foundation is one of the pile foundation which the ground side was enlarged by enhancing helical plates. In this 
research, there will be served a loads test result by Static Constant Rate Penetration Method which is applied on peat. The u sed helical 
plate for this experiment had various helical plates amount. The various of helical which were used are 1, 2, and 3 helical plates, with 
diameter of 15 cm, 25 cm and 35 cm. The result from loads trial are loads and settlement which were displayed in normal scale  and 
being interpreted by using tangent of intersection method. It is obtained that the addition of helical plates with the same diameter will 
improve the foundation`s support capacity. Nevertheless, if the groundest helical plate is smaller then the addition of those  helical 
plates takes no significant effect towards pile foundation`s bearing capacity eventhough the topper helical plates are bigger. The res ult 
of loads test was compared to the calculation result of helical pile foundation`s bearing capacity by using individual plate bearing 
method and cylinder shear method. According to comparisons result, it is known that cylinder shear method`s bearing capacity 
approximates the loads test`s result more than individual plate bearing method . 
Keywords: helical pile, peat, individual plate bearing, cylinder shear   
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1. INTRODUCTION 
  Indonesia is one of the countries which has  broad peat in 
the world. The breadth of peat in Indonesia is estimated between 
17 millions to 27 millions hectare [1]. Indonesia`s regions which 
were covered by peat deposite are north and east zone of 
Sumatera, Kalimantan and Papua. Such a large area of peat 
denotes an obstacle in developing a district`s infrastructures. It`s 
because the peat is very soft with a very low bearing capacity and 
easily compressed in case there are loads work on it. 
 Peat has a character which gives advantage lacknes to civil 
building construction. So a construction method which could add 
the power of peat is really needed. In Indonesia, it is commonly 
used wooden pile with diameter of 10 – 20 cm and length of 3 – 4 
meters in order to built 1 – 2 floor building on peat. Nevertheless, 
the final itself is getting harder to get, therefore, it is needed 
another alternative [2]. One of the proper construction`s 
alternative which can be used to replace funnel is helical pile 
foundation  
 Helical pile foundation is a pile foundation made by 
fabricated steel, consist one or more helical plates and instalated 
by twisting the foundation into the land [3]. Helical pile foundation 
has been used for more than 170 years ago. Helical pile 
foundation was used for the first time by Irish Engineer, Alexander 
Mitchell (1833) in England. He has designed foundation to built 
mercusuar (Thames Estuary) to supported buildings on intertidal 
zone [4]. 
 The axial capacity of helical piles may be estimated 
analytically using either the individual bearing or cylindrical shear 
methods. The individual bearing method assumes that bearing 
failure occurs at each individual helix (Fig.  1). The total axial 
pile resistance in compression or tension is the sum of the 
capacities of the individual helixes plus shaft resistance. 
 
 
Fig.1. Individual Plate Bearing Loads Mechanism 
 
Commonly, individual plate bearing method on cohesive soil 
could be written as the following equation   d π H α CqNNC AhQ effuqcuult  ¦  (1) 
Here, Qult limit bearing capacity (KN), Ʃah = total area of helix 
plate (m2), Cu = Soil Cohesion (kN/m2), Nc= Soil`s cohesion 
factor, q = effective overburden pressure (kN/m2), Nq = soil 
bearing capacity factor, Heff   =  effective pile`s length, d = pile`s 
diameter 
The cylindrical shear method [5], assumes that a cylindrical 
shear failure surface, connecting the uppermost and lowermost 
helixes, is formed as shown in Fig. 2 The axial capacity is 
derived mainly from the shear resistance along the cylindrical 
surface and bearing resistance above the top helix for uplift 
loading and from the bearing resistance below the bottom helix 
Q-compression loads 
Qh1 
Qh2 
Qh3 
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for compression loading. The adhesion developed along the steel 
shaft is considered in cases where sufficient installation depth 
(deep pile) is provided.  
 
 
Fig. 2 Cylinder Shear Loads Mechanism 
 
shatbearinghelixult Q   QQQ     (2) 
Where:    c L D  π SQ ucafhelix     (3) 
cuhbearing N c AQ     (4) 
ueffshaft s α H  d  πQ     (5) 
Here, Qult limit bearing capacity (KN), Qhelix is shear resistance 
alongside of helical pile (KN) , Sf is spacing ratio factor, Qbearing 
is edge resistance on the lowest place helical (KN), Ʃah = total 
area of helix plate (m2), Cu = Soil Cohesion (kN/m2), Nc= Soil`s 
cohesion factor, q = effective overburden pressure (kN/m2), Nq = 
soil bearing capacity` s factor, Heff =  effective pile`s length, d = 
pile`s diameter 
2. EXPERIMENTAL DETAILS 
In this research, it used helical pile foundation which made by 
steel with cylindrical shape and has diameter of 6 cm by galvanic 
pipe, with the distance between helicals is 50 cm. for helical pile 
foundation which has same diameter, it used helical with the 
diameter of 35 cm (L). Whereas for helical pile foundation which 
get bigger size to top side, it used pile foundation with helical 
diameter of 15 cm (S), 25 cm (M), 35 cm (L). The outside of 
helical plate was sharpened to put the foundation inside the land 
more  easier and each helical pile foundation was tested twice. 
For further explanation, the geometry of helical pile foundation will 
be shown on Fig. 3. 
               
Fig. 3. Typical Helical piles used 
This experiment has been done in Faculty of Engineering, 
University of Riau. In order to make it easier, it has been made a 
pond with size of 5 m x 2,5 m x 1,8 m. The pond is equipped with 
a series of portal made of steel. Portal serves as the bearing 
series of test. The experiment pond was filled by peat which was 
taken from Rimbo Panjang, Tambang, District Kampar. Fig. 4 
show the general experimental set up for axial compresion test. In 
the compression load test used  mechanical jack,  proving ring 
and dial gauge.  
          
 
 
 
 
 
 
 
 
Fig. 4 experimental set up for axial compression test 
3. Results And Discussion 
A. Physical Properties of Peat 
Physical properties of soil that will be used in this research was 
tested first in soil mechanics laboratory, Civil Engineering 
Department, University of Riau. Samples were taken on two 
points inside of the testing pond. Samples were taken with depth 
of 50 cm – 100 cm and 100 cm – 150 cm. Result of the soil 
physical properties test could be observed on Table 1. 
As the Table 1 attached, the investigated peat could be classified 
as sapric peat based on ASTM D4427-84 (1989) because it has 
fiber content <33% and classified as high ash peat based on 
ASTM D4427-84 (1989) because it contains ash content > 15% 
 
Table 1. Result of Peat Physical Properties Test 
 
 
 
 
 
 
 
Cylindical shear strength  
Soil friction along shaft  
Shaft cross section  
Soil resistance  
Spacing betw een helicals  
Q-compression loads  
50 - 100 cm 100 - 150 
Water content (w) % 190,949 236,837
Bulk Density gr/cm3 0,794 0,795 
gr/cm3 0,273 0,236 
Specific Gravity - 1,355 1,480 
Ash conten % 35,544 54,463 
Fiber Conten % 5,281 6,114 
Unit Depth Physical Properties 
Dry Density 
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B. Result Test of Unhelical Pile and Variations in number of Same 
Diameter Helical Plate 
Fig 5 implies correlation between loads – settlement variations 
number of helical plate with same diameter. From the attached 
test result, Fig. 5, it could be known that helical plate influences 
the resistable loads of helical pile foundation. The addition of 
helical plate will enhance the loads that should be resisted by 
helical pile foundation. This case happened because enhancing 
helical plate in number will enlarge contact area between helical 
and land to produce a bigger power to hold the loads. If the area 
with helical plate addition along counted as friction resistance or 
as edge resistance, then the addition of helical plate will improve 
support capacity of those helical pile foundation. It is proven in 
Fig. 5 has shown that the pile with 3 same diameter helical plate 
is able to resist against bigger loads than others helical plate 
foundation. 
 
Fig. 5 Loads-settlement curve from same diameter helical pile foundation 
C. Result test of Different Diameter Helicals with Variations in 
Number 
Fig 6 indicates that the enhancement of helical plate with 
different diameter by commonly will enhance the helical pile 
foundation`s resistable loads. It is proven on loads test result 
which is displayed on Fig. 6. But if the lowest helical plate has 
smaller size, it wouldn`t take a significant effect through the 
resistable loads on pile foundation even though the helical plate 
on above is larger. This condition was caused by the bearing 
capacity addition from edge resistance was smaller. 
  
Fig. 6 Loads-settlement curve from different diameter helical pile 
foundation. 
 
D. Comparisons Between wooden pile test & Helical Pile  
Comparisons of wooden test result and helical pile is 
displayed on Fig. 7. The test result on Fig. 7 as shown that helical 
plate influenced the foundation resistable loads as the 
explanation before. The addition of helical plate on foundation`s 
pile edge has caused a larger resistable loads on helical pile 
foundation than the wooden pile does. It is caused by bearing 
capacity of edge resistance which is produced by helical plate. 
The larger the diameter of foundation`s edge is, the larger edge 
resistance will be produced 
 
Fig. 7 Comparisons between funnel`s loads- settlement 
and helical foundation 
 
E. Comparisons Between Analytic Calculation and Test 
Based on test result and analytic calculation, it is obtainable the 
ultimate bearing capacity, Qult, of helical pile through peat could 
be seen on Table 2. 
 
 
 
 
 
Table 2. Analytic Qult & Field Test 
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To find out comparison ratio between analytic bearing 
capacity and field test, it has been made a correlation graph for 
Qult test and analytic Qult which are displayed on Fig. 8 and Fig. 9. 
Based on Fig. 8 and Fig. 9, the standar error will be counted to 
consider which analytical method that approximates test`s Qult 
limit bearing capacity the field test. 
 
 
Fig. 8 Comparisons betw een test`s bearing capacity and analytic bearing 
capacity by Individual Bearing Method 
Fig. 9 displayed calculation result of the ultimate bearing 
capacity analytic Qult by individual bearing method compared with 
field load test`s Qult. The prediction of the ultimate bearing 
capacity, Qult by using individual bearing method has produced a 
bigger score with standar error of 4,32. Individual bearing failure 
mechanism only occurred on pile foundation with 1 helical, in 
case the pile foundation has more than 1 helical, hence, the loads 
failure mechanism is cylinder shear. According to [5] if the ratio of 
distance and diameter (S/D) is < 1,5, there will be a cylinder 
shear loads failure mechanism happen. Reference [6, 7, 8], have 
proposed if S/D is < 3, the calculation of analytic Qult is better by 
using cylinder shear method. The ratio S/D which was used for 
same diameter helical pile foundation in this research is 1,43. 
Thus, the individual bearing failure mechanism which was used 
approximation to predict limit bearing capacity, Qult is not a proper 
choice. It is proven on the comparisons result between cylinder 
shear method`s analytical calculation and test which is attached 
on Fig. 9 
 
 
 
 
 
Fig. 9 Comparisons betw een Test Bearing capacity w ith 
analytic bearing capacity by cylinder shear method 
 
Fig. 9 displayed the comparisons of the analytic ultimate 
bearing capacity by cylinder shear method and the ultimate 
bearing capacity of field test. Shown that the ultimate bearing 
capacity` s by cylinder shear method more rational limit bearing 
capacity if it`s correlated to limit bearing capacity by the result of 
loads test in this experiment. Although the cylinder shear analytic 
calculation method indicated bigger result than Qult test`s limit 
bearing capacity bears standart error of 2,37 
Reference [9] has offered the correction factor (Fs) should be 
used in case the ratio between distance and helix` s diameter 
(S/D) > 1,5. Reference [9] proposed the Fs value was based on 
marin clay test in laboratory. Reference [10] has declared that the 
clay which was used by [5] was regulated in such a way 
repeatedly so it could be possibly to have a low sensitivity through 
natural content of clay. Clay have different nature with peat so the 
applied Sf value which was proposed by [8] in this research give a 
higher Qult score than Qult loads test, as displayed on Fig. 9. The 
given Sf value by [9] and the application on peat should be 
corrected so it could obtain more accurate calculation on cylinder 
shear analytic method. 
Based on standar error calculation result towards equivalent 
line, it is known that the calculation of the ultimate bearing 
capacity, Qult by individual bearing approximates test`s limit 
bearing capacity with standar error 4,38. The ultimate bearing 
capacity, Qult by cylinder shear method approximates test`s 
ultimate bearing capacity with standar error of 2,37. Thus, based 
on these analysis, it is known that the analytic ultimate bearing 
capacity by cylinder shear method more approximates test`s the 
ultimate bearing capacity of pile helical. 
4. CONCLUSION 
According to test result and discussion, it could be taken a 
following conclusion. The observed peat could be classified as 
sapric peat based on ASTM D4427-84 (1989) and as high ash 
peat (peat with high ash content) based on ASTM D4427-84 
(1989). From the load test result, it seems the addition of helical 
plate will take an effect towards bearing capacity. In common, 
helical pile foundation produce ultimate bearing capacity, Qult, for 
260% - 1600% higher than unhelical pile foundation does. The 
bearing capacity from helical pile foundation produces ultimate
bearing capacity,Qult, 105% - 870% higher than ultimate bearing 
capacity by wooden pile, so helical pile foundation can be 
considered as another alternative to replace wodden pile in 
repairing bearing capacity of the land`s application. 3 helical 
plates in pile foundation with same diameter produces bigger 
bearing capacity compares to pile foundation with one and two 
helicals. The lowest helical plate has a significant role in 
enhancing bearing capacity of helical foundation. The standar 
error of the ultimate bearing capacity, Qult by individual bearing 
method approaches test`s limit bearing capacity with score of 
4,38. The standar error of the ultimate bearing capacity, Qult by 
cylinder shear method approaches test`s limit bearing capacity 
with score of 2,37. Thus, according to these analysis, it is known 
that analytic bearing capacity by cylinder shear method 
approximates test`s the ultimate bearing capacity the field test. 
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The Investigation of El Nino Impacts on Rainfall in Lampung Province 
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Abstract: As a consequence of El Nino, climate condition in the Pacific is experiencing an anomalous condition. Due to El Nino 
events, in Indonesia, drought and longer dry season caused many areas of the agricultural experiencing crop failure. This was 
because rainfall value on those years did not meet the needs of plants. The decrease of agricultural crop due to El Nino is also 
experienced by Lampung Province, one of granaries of Indonesia. This study aims to investigate the impact of El Nino events on 
hydrology elements especially rainfall in Lampung Province. Data used in the research were annual rainfall data obtained from 74 
rainfall stations, which the locations are scattered in the southern and central part of the province, where most of irrigati on areas exist. 
The period of the data is from year 1987 to year 2015. The determination of the El Nino in this study is based on the Oceanic Nino 
Index (ONI). Results indicated, based on the return period of El Nino event, the study area is quite responsive to the El Nino impact 
and almost regularly experiences El Nino event. Other results showed that Weak El Nino (WE) does not give significant effect to the 
rainfall. On average, only 52.7% of all rainfall stations studied in this research. Moderate El Nino (ME) and very strong El Nino (VSE) 
give quite strong impact to the rainfall variability on the area studied. When ME or VSE happened, there are more than 75% of the 
area experienced low annual rainfall. Although there is no strong El Nino (SE) happened between 1987 and 2016, it is obvious from 
the data that SE will cause about 77.5% of study area experience low annual rainfa ll. The research also found that impacts of El Nino 
on rainfall appear to be increasing annually. 
Keywords: El Nino; Impact; Rainfall, Lampung Province; Indonesia.        1 
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1. INTRODUCTION 
As one of important natural phenomenon affecting the 
human life on the earth, El Nino has been frequently discussed by 
many experts in many forums. Basically, El Nino is anomaly in 
surface water condition indicated by the increase of sea surface 
temperature (SST) in equatorial Pacific area, especially in the 
middle and center Pacific and in the area of surrounding Peruvian 
coastal in South America. Due to the interconnection between 
surface water and atmospheric system, the anomalous condi tion 
on the sea surface will give effect to the atmosphere. As a 
consequence of El Nino, climate condition in the Pacific is also 
experiencing an anomalous condition [1]. In  the normal condition, 
the temperature condition of sea surface of Indonesian areas 
(eastern of equatorial Pacific area) is generally warm. Owing to 
this condition, the process of evaporation is easily happened and 
on the area and the cloud of rainfall is easily formed. On the other 
hand, in El Nino condition, due the increase of sea surface 
temperature (SST) in equatorial Pacific area, the temperature of 
sea surface of Indonesian areas becomes lower and evaporation 
process in the area becomes harder. Therefore, cloud of rainfall 
is rarely formed, thus rainfall volume will be less on the area.   
El Nino event of the year 1982/1983, 1997/1998, and 
2015/2016 were the most devastating El Nino in the modern era. 
The natural phenomena gave negative impact to many countries 
in the various parts of the world. Many countries in American and 
European continent experienced increasing in rainfall and faced 
flood disaster. On the other hand, decrease of rainfall and long 
dry season were experienced by the countries such as Indonesia, 
India, Australia, and some countries in equatorial Africa. In  
Indonesia, drought and longer dry season caused many areas of 
the agricultural experiencing crop failure. This was because 
rainfall value on those years did not meet the needs of plants. 
The decrease of agricultural crop due to El Nino is also 
experienced by Lampung Province. The province is one of 
granaries of Indonesia. The drop of paddy production in the 
province will disturb the stability of food availability in the country. 
El Nino event 2015/2016 has disturbed the crop improvement 
program in the province. The rice production in Lampung 
Province only can reach 30% of the production target in the year 
of 2015. 
Fig.1. Wind circulation in Pacif ic during normal and El Nino Condition 
It is necessary to investigate the relationship between El Nino 
events and the decrease of rainfall as source of agricultural 
water. This study aims to investigate the impact of El Nino events 
on hydrology elements especially rainfall in Lampung Province. 
Decreased volume of rainfall at some rainfall stations in the 
province during El Nino events will be the focus of this research. 
Rainfall data from dozens of stations rainfall in Lampung Province 
is used as an object in this study. The determination of the El 
Nino in this study is based on the Oceanic Nino Index (ONI). 
Wind Blow
EL NINO CONDITION
Indonesia Pacific Ocean South America
Wind Blow
Cloud of Rainfall
South AmericaIndonesia Pacific Ocean
Cloud of Rainfall
NORMAL CONDITION
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2. RESEARCH DETAILS 
A. Location of study  
Lampung is the southernmost province in Sumatera Island, 
Indonesia. Geographically, the Lampung Province is located 
between: 103º 40 '- 105º 50' at East Longitude and 6º 45 '- 3º 45' 
at South Latitude. Total area of the province is about 35,376 km2. 
It is subdivided into twelve regencies and two autonomous cities. 
The capital of the province is Bandar Lampung City. The province 
had a population of 7,972,246 at the 2014 census. Almost 75% of 
the current population of Lampung is descended from migrants 
from Java, Madura, and Bali.  
Area of Lampung is mostly agriculture area. The province is 
one of Indonesian granaries and also produces some major 
agricultural commodity such as robusta coffee beans, cocoa 
beans, coconuts, and cloves. Total potential area of agriculture in 
Lampung Province is about 360,237 ha, with 185,569 ha of them 
are irrigation areas or paddy fields  [2].  Irrigation areas in 
Lampung Province consist of technical, semi-technical, and non-
technical irrigation areas. The area is 103,245 ha, 24,164 ha, and 
244,008 ha, respectively. The total length of irrigation channel in 
the province is 371,417 km [3]. The areas is scattered throughout 
the province with the biggest area is located in Central Lampung 
Regency (956,236 ha) and Southern Lampung regency (32,981 
ha). 
Fig.2. Location of the study 
B. The data 
Data used in the research were annual rainfall data obtained 
from 74 rainfall stations, which the locations are scattered in the 
southern and central part of the province, where most of irrigation 
areas exist. The period of the data is from year 1987 to year 
2015. Data of year 2007 and 2008 are not available for whole 
stations. Some of the s tations have lost data in various years. 
However, averagely each station has 87% data of the period. The 
distribution of stations based on the locations is given as follows: 
TABLE I. THE DISTRIBUTION OF RAINFALL STATIONS 
No. Location 
Station 
involved 
Data 
availability 
1 Bandar Lampung City 1 93% 
2 Metro City 2 96% 
3 Central Lampung Regency 24 83% 
4 Eastern Lampung Regency 16 88% 
5 Mesuji Regency 0 0% 
6 Northern  Regency 0 0% 
7 Pesaw aran Regency 9 88% 
No. Location Station involved 
Data 
availability 
8 Pringsew u Regency 9 92% 
9 Southern Lampung Regency 8 90% 
10 Tanggamus Regency 5 88% 
11 Tulang Baw ang Regency 0 0% 
12 Way Kanan Regency 0 0% 
13 Western Lampung Regency 0 0% 
14 West Pesisir Regency 0 0% 
15 West Tulang Baw ang Regency 0 0% 
  TOTAL 74   
C. The determination of El Nino events  
The year of El Nino in this research is indicated by Oceanic 
Nino Index (ONI) calculated by US National Oceanic and 
Atmospheric Administration (NOAA).  It is the running 3-month 
mean Sea Surface Temperature (3SST) anomaly for the Nino 3.4 
region (5oN-5oS, 120o-170oW). NOAA considers El Niño 
conditions to be present when the Oceanic Nino Index is +0.5 or 
higher, indicating the east-central tropical Pacific is significanty 
warmer than usual.  La Nina conditions exist when the Oceanic 
Niño Index is -0.5 or lower, indicating the region is cooler than 
usual [4]. Furthermore, classification of El Nino event status is 
determined by the maximum average of 3 consecutive 3SST 
(MA-3SST). The classification is given as follow: 
• Weak El Nino (WE) for maximum average of 3 
consecutive 3-SST is between 0.50 and 0.90. 
• Moderate El Nino (ME) for maximum average of 3 
consecutive 3-SST is between 0.91 and 1.40. 
• Strong El Nino (SE) for maximum average of 3 
consecutive 3-SST is between 1.41 and 1.90. 
• Very Strong El Nino (VSE) for maximum average of 3 
consecutive 3-SST is bigger 1.91. 
Based on the ONI the events of El Nino in modern era is 
determined and classified in table below [5]: 
TABLE II.  EL NINO EVENTS BASED ON ONI 
Year MA-3SST Status  Year 
MA-
3SST Status 
1951-1952 0.8 WE  1979-1980 0.6 WE 
1952-1953 0.7 WE  1982-1983 2.1 VSE
1953-1954 0.8 WE  1991-1992 1.5 ME 
1957-1958 1.6 SE  1994-1995 0.9 WE 
1963-1964 1.2 ME  1997-1998 2.3 VSE 
1965-1966 1.7 SE  2002-2003 1.2 ME 
1968-1969 0.9 WE  2004-2005 0.7 WE 
1969-1970 0.8 WE  2006-2007 0.9 WE 
1972-1973 1.9 SE  2009-2010 1.3 ME 
1976-1977 0.8 WE  2015-2016 2.2 VSE 
1977-1978 0.8 WE     
3. RESULTS AND DISCUSSIONS 
Figure 3 below shows the events of El Nino between year 
1987 and 2015, as long as rainfall data period used in this 
research. The events of El Nino in the graph neglect the status of 
El Nino. They only indicate the return of period of an El Nino 
event. Based on the graph, visually the return of period of an El 
 16 
ISBN 979-587-621-1 
Nino event is between 2 to 6 years. This fact is not so different 
from ones from some previous research saying that El Nino year 
occurs on average every 3–7 years [6]. This condition also 
indicates study area is quite responsive to the El  Nino impact and 
almost regularly experiences El Nino event. As additional 
information, exact return period of El Nino even is still difficult to 
predict. 
Some research in Indonesia stated that the inter-annual 
variability of monthly rainfall in Indonesia is strongly related to the 
ENSO. Most of the areas observed for the research were 
Indonesian islands, especially in Java and Sumatera Island [7]. 
Similar circumstance also happens in Lampung Province. Table 3 
below shows relationship between El Nino events and rainfall 
stations experiencing dry year, the year with annual rainfall less 
than the average of annual rainfall of the station. Due to the 
absence of 2007 and 2016 annual rainfall data, annual rainfall 
data of 2006 and 2015 were compared to the average of annual 
rainfall of the station itself, respectively. 
Fig.3. El Nino events and their return period 
 
TABLE III.  EL NINO EVENT VS RAINFALL RATE 
Year
# of stations 
experiencing dry 
year
Percentage Status
1991-1992 48 65% ME 
1994-1995 35 47% WE 
1997-1998 56 76% VSE 
2002-2003 63 85% ME 
2004-2005 23 31% WE 
2006 59 80% WE 
2009-2010 58 78% ME 
2015 61 82% VSE 
 
Based on data on the table, weak El Nino (WE) does not 
give significant effect to the rainfall. On average, only 52.7% of all 
rainfall stations studied in this research. Moderate El Nino (ME) 
and very strong El Nino (VSE) give quite strong impact to the 
rainfall variability on the area studied. When ME or VSE 
happened, there are more than 75% of the area experienced low 
annual rainfall. Although there is no strong El Nino (SE) 
happened between 1987 and 2016, it is obvious from the data 
that SE will cause 77.5% of study area experience low annual 
rainfall. 
Trend analysis was also undertaken in order to investigate 
the increase of El Nino impact to the rainfall dynamically. Figure 4 
shows trend of El Nino events between year 1987 and 2016. The 
graph indicates rising trend of El Nino dynamically. This condition 
means the intensity of El Nino improve year by year and, as 
consequence, El Nino impact to the rainfall will increase 
dynamically as well. The graph also shows that El Nino events 
happened between year 1987 and 2016 is dominated by ME and 
SVE. This result agrees with the one of similar research 
undertaken in Central Kalimantan, one of Indonesian provinces 
[8]. The research stated that impacts of El Nino on rainfall appear 
to be increasing annually. The rainfall data indicates the dynamic 
increase of El Nino effects on the rainfall decrease. The research 
also found that El Nino impacts on rainfall are not as substantial 
in the rainy season if compared to one in dry season. The results 
of the research agrees with the conclusions of the Climatology, 
Meteorology, and Geophysics Agency of Indonesia regarding the 
potential increase in the intensity of the effects of El Nino events 
on hydrological elements, especially rainfall, in Indonesia [9]. 
Fig.4. El Nino events and their trend 
The change in rainfall trends or characteristics due to the El 
Nino has been frequently discussed by hydrologists world-wide. 
Kane (1999) identified and investigated characteristics of 
precipitation as effects of the El Nino of 1997–1998 [10]. Some 
other researchers stated that the El Nino is the most significant 
factor causing global hydro-climatic variability, especially in 
equatorial Pacific areas [11][12][13], and a major controlling factor 
of inter-annual climatic variability in tropical regions like Indonesia 
[14][15][16]. Most of the research previously done agree that in 
Indonesia El Nino events generally cause a reduction in rainfall 
that resulted in a longer dry season. On the other hand, El Nino 
also caused greater water evaporation and a shorter rainy season 
with greater surface runoff. Furthermore, El Nino is also reduced 
ground and surface water storage [8].  
4. CONCLUSIONS 
The impact of El Nino events on hydrology elements 
especially rainfall in Lampung Province has been analyzed. 
Results of the result indicated that hydrological condition in the 
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study area  is quite responsive to the El Nino impact and almost 
regularly experiences El Nino event. Results also showed that 
Weak El Nino (WE) does not give significant effect to the rainfall. 
On average, only 52.7% of all rainfall stations studied in this 
research. Moderate El Nino (ME) and very strong El Nino (VSE) 
give quite strong impact to the rainfall variability on the area 
studied. When ME or VSE happened, there are more than 75% of 
the area experienced low annual rainfall. The research also found 
that impacts of El Nino on rainfall appear to be increasing 
annually. There is a rising trend of El Nino events dynamically. 
This condition means the intensity of El Nino improve year by 
year and, as consequence, El Nino impact to the rainfall will 
increase dynamically as well. There is also fact that El Nino 
events happened between year 1987 and 2016 is dominated by 
ME and SVE. 
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Sustainable Development: Early Age Strength of HSC Using Fly Ash to 
Replace Part of Cement 
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Abstract: The use of fly ash in concrete gave many benefits not only to prove the strength and performance of the concrete, but also 
enables us to overcome landfill problem due to fly ash, which was a waste material produced from coal combustion. This research was 
conducted to find out the effect of fly ash as a part replacement of cement to the strength development of high strength concr ete at 
early ages. The fly ash, which was used in this research, was taken from PLTU Mpanau Palu, Central Sulawesi, while the used 
cement was PCC cement Type I manufactured by PT Tonasa. The percentages of fly ash used as cement replacement were 0, 10, 15, 
20 and 25%. The water binder ratios used in mixes were 0.25 and 0.30; while the superplasticiser used was type Naptha 511P. 
Results of the research showed that there was no delay in gaining the required early age strength of high strength concrete i.e. 35  
MPa on one-day of the fly ash concrete with water-binder ratio of 0.30 by replacing cement up to 15%. The strength of fly ash concrete 
on one-day with same water binder ratio and the percentage of fly ash of 20 and 25% did not achieve the required strength for high 
strength concrete. It was expected that the PCC cement used in the mixes had contain high volume of fly ash, which was m ixed in 
clinker.  
Keywords: strength development, fly ash, early age strength, high strength, and water binder ratio.      1 
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1. INTRODUCTION 
A suitable development supports the use of energy and 
natural resources in means that confirms long-term survival of 
human life. This survival is threatened by consuming energy and 
raw material resources and unacceptable levels of ecological 
pollution from solid, liquid and gases waste products [1, 2].  
ASTM C 618 defined fly ash (FA) as the finely material with 
the size of 10 to 100 micron produced from the combustion or 
ground or pulverized coal [3, 4], which is known as pulverized fly 
ash (PFA) in the UK. Concrete is the most widely construction 
material used worldwide; as this material can give some 
advantages, such as low cost, general availability and applicable. 
However, the popularity of concrete as a construction material 
also accompanied with a large environmental cost. Billions tons of 
natural materials are mined and processed each year to produce 
concrete; left a serious problem on the environment. Huge 
amount of energy needed to produce Portland cement that is 
accompanied with large quantities of CO2 released into the 
atmosphere [5]. Using fly ash as a part replacement of cement in 
concrete construction can give benefits to sustain the row 
materials in producing concrete, reduce CO2 emission to 
atmosphere.  
The most important for concrete is; it also can improve the 
properties of concrete both in fresh and hardened state. 
 
2. USING FLY ASH IN CONCRETE  
Fly ash is a waste material from burning pulverized coal in 
electric power generating plants  as shown in Figure 1 below: 
As long as the burning process, the mineral impurities in 
the coal (clay, feldspar, quartz, and shale) fuse in suspension 
and float out of the burning chamber along with exhaust 
gases. As the compound material rises, it is then cooled and 
solidified into spherical glassy particles called fly ash. It has  
been widely used as a partial replacement of cement in 
concrete for a long time ago [7-9]. The technical benefi ts of 
using fly ash in concrete, such as increase workability, 
strength and durability of concrete [10-12]. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of production f ly ash [6]. 
 
Fly ash is an amorphous glassy material that is mainly 
composed of silica, alumina and iron oxides. Fly ash is classified 
into two classes refers to ASTM standard i.e. class F and class C 
depending on their chemical compounds resulting from the type 
of coal burned and CaO content [3]. Class F fly ash should 
contain lime less than 10% and a combination of Silicon (SiO2), 
Aluminum (Al2O3) and Iron (Fe2O3) should be higher than 70% of 
the total weigh of fly ash. The class F fly ash has pozzolanic 
properties, while the class C has both pozzolanic and 
cementations properties.
The reaction of fly ash in hydration process is a secondary 
reaction. The silica (S) in fly ash reacts with the calcium 
hydroxide (Ca(OH)2) resulted from cement hydration when the 
water available to form additional calcium silicate hydrate     (C-S-
H), which develops strength of the concrete as follow     [8, 9, 13]: 
Cement reaction      :  C3S + H               C-S-H + CaOH   (1) 
Pozzolanic reaction : CaOH + S             C-S-H                  (2) 
                                  silicate from fly ash 
It has been explained above; one of the advantages using fly 
ash in concrete is that it can improve the workability of concrete. 
Replace a part of cement with fly ash will increase the volume of 
cementitious material (cement and fly ash) in the concrete mix, 
compared to the mix without fly ash. As the result, the volume of 
paste increases, which leads to a reduction in aggregate particle 
interference and improve the workability of concrete [14-16]. The 
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hydration process of cement paste is an exothermic reaction, 
which is accompanied by the liberation of heat, raising the 
temperature of the concrete. The heat produced will be absorbed 
by fly ash as the activation energy to start its reaction.  
Some studies done and reported that the setting time of fly 
ash concrete cured at standard curing temperature (200C) 
increased when compared to the concrete with cement only; 
depends on the level of fly ash replaced cement and the chemical 
composition of fly ash [14, 17-19]. Furthermore, Metha in 1994 
[20] reported that the pozzolanic reaction for fly ash concrete 
cured at standard curing temperature started at 11 days after 
mixing and the significant contribution on the strength 
development of concrete seemed to occur after 28-days of curing. 
As the result, strength development of fly ash concrete at early 
ages is lower than that of concrete with Portland cement only. 
However, Ravina [21] found that the strength development of fly 
ash concrete cured at elevated temperature increased at early 
age. It is believed this is to due to the higher rate of pozzolanic 
reactions as the higher curing temperature. Large quantities of fly 
ash may be incorporated with a significant improvement in 
strength development, when concrete is cured at elevated 
temperatures, Therefore, the strength development of fly ash 
concrete cured at elevated temperature is higher, compared to 
that of concrete cured under standard curing temperature [8, 9, 
22].  
Class F fly ash has been widely used as a part replacement of 
cement in both normal and high strength concrete. For using it in 
normal strength strength  
In the 1950s, high strength concrete was considered as 
concrete with a compressive strength of 34 MPa (5000 psi), 
where the value increased between 41 and 52 MPa (6000 and 
7500 psi) in the early 1960s. In the early 1970s, concrete with the 
strength of 62 MPa (9000 psi) was commercially produced. 
Recently, concrete with the compressive strength of 138 MPa 
(20000 psi) has been produced to be used in cast-in-place 
concrete [23]. As the definition of high strength concrete changer 
over the years, the ACI Committee 363 then defined high strength 
concrete as the concretes, which have specified compressive 
strength of 41 MPa (6000 psi) or greater at 28-days. It is similar to 
that of definition that op proposed by Portland Cement 
Association (PCA) [24]. Furthermore, Strategic Highway 
Research Program (SHRP) defined high early strength concrete 
as the concrete, which can achieve a minimum strength at 24 
hours of 35 MPa. 
Poon et al. [25] found that the contribution of fly ash when it 
replaced a part of cement to strength of concrete with lower 
water-binder ratio was better than that of with higher water-binder 
ratio. Furthermore, they found that replace part of cement by fly 
ash even have strength higher than that of strength of concrete 
with Portland cement only. Naik and Ramme in 1998 suggested 
the  use of fly ash in concrete up to 40%, when the early age 
strength was considered, and used it up to 60%, when  the early 
age strength was not an important factor [26].   
 
3. EXPERIMENTAL WORKS 
A. Materials 
A single batch of sand, coarse aggregate, PCC cement, and 
fly ash were used throughout the experimental work. The 
superplatisicier was Type Naptha 511P and the used fly ash was 
taken from power generating (PLTU) Mpanau Palu with chemical 
composition shown in Table 1 below: 
 
 
TABLE 1. CHEMICAL COMPOSITION OF FLY ASH TAKEN FROM 
PLTU MPANAU PALU 
Chemical 
compounds 
Percentage by 
weight 
SiO2 51,55 
Fe2O3 25,54 
Al2O3 17,26 
CaO 2,09 
K2O 1,23 
TiO2 0,95 
MnO 0,48 
Others 0,90 
 
The fly ash from PLTU Mpanau Palu is characterized as fly 
ash Class F. The specific gravity of the fly ash is 2.377, which is 
lighter than cement.   
The absorption, density, sieve analysis, and the maximum 
void content of both coarse and fine aggregates were measured 
in the laboratory. The sand was fine sand taken from Palu River 
and the coarse aggregate was a crushed aggregate taken from 
Donggala, Palu with a nominal size ranging from 5 to 20 mm. The 
sand is in air dry conditions ; therefore, some water is added for 
absorption to meet its saturated service dry (SSD) condition; 
similar for the coarse aggregate. The used PCC cement was 
produced by PT Semen Tonasa, which is Type I cement with the 
specific gravity of 3.1.  
B. Calculation of Mix Proportion and Mixing 
 The aggregates were added in the following order: initially 
about half of the coarse aggregate, then the fine aggregate and 
the remainder of the coarse aggregate. The mixer was then 
started for 15 to 30 seconds. The mixing continued after adding 
about half of the total water for two to three minutes. All the 
cementitious materials were then added and the mixing was 
continued. Then the remaining water was added after 30 
seconds, continuing mixing until two to three minutes after all the 
materials were added. 
The mix proportion of concretes was calculated using the 
Modified Maximum Density Theory (MMDT) [27-29]. The 
measurement of void content and proportion of sand to the total 
of aggregates are 23.25 % and 35% respectively. These give the 
volume of paste (Vp) and total aggregates (Va) are 0.273 and 
0.727 respectively. The mix proportion is then calculated as 
follow: 
Vp = Vc + Vw                     (3) 
Va = Vs + Vg                      (4) 
where Vp, Vc and Vw are the volumes of paste, cement and 
water respectively; while the Va, Vs and Vg are the volumes of 
total aggregates, sand and coarse aggregate respectively. The 
volume of paste as in  (3) can then be developed become: 
   
                                                                            (5) 
Mc is the mass of cement, w/c is the water-cement ratio, Jc and 
Jw are the density of cement and water respectively. 
Furthermore, the volumes of total aggregates as  in (4) becomes: 
 
                                                                             (6) 
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Ms and Mg are the mass of sand and coarse aggregate 
respectively; while Js and Jg are the density of sand and coarse 
aggregate respectively. Furthermore, the volume of total 
aggregates as in (6) above as below: 
 
                                                                             (7) 
where Ma, S and G were the total mass of aggregates, the 
proportion of sand and coarse aggregate to the total aggregates 
respectively.  
The total water used in mixes was calculated by adding some 
water for absorption for both sand and coarse aggregate to the 
needed water for hydration. Furthermore, reducing some water 
for the use of superplasticizer should be considered. The 
percentage of superplasticizer used in mix was determined 
by trial mixes to find out the suitabl e percentage for getting 
the target slump.  
The calculation of mixes with water-binder ratio of 0.30 
are presented in Table 2 below: 
TABLE 2 CALCULATED MIX PROPORTION 
OF CONCRETE
Material 
Weight of materials per m 3 concrete (kg) 
Percentage of fly ash, w /b = 0.30 
0 10 15 20 25 
Cement 437.713 393.942 372.056 350.170 328.285 
Fly ash - 43.771 65.657 87.543 109.428 
Sand 688.900 688.900 688.900 688.900 688.900 
Coarse 
aggregate 1256.00 1256.00 1256.00 1256.00 1256.00 
Water 126.698 126.698 126.698 126.698 126.698 
Superplas
-ticizer 0.119 0.119 0.119 0.119 0.119 
 
C. Specimens 
The specimens for compressive strength test were cube with 
the size of 150mm x 150mm x 150mm. There were three cubes 
replicated all the mixes prepared for each testing age. The testing 
ages were 1 and 3 days to find out the early age strength of the 
concretes. This aims to know whether the mix designs are 
suitable to result high strength concrete (HSC).   
 
4. RESULTS AND DISCUSSION 
The results of trial mixes showed that the mix proportion with 
water-binder ratio of 0.25 did not work as they were very stiff and 
very quickly dried. Therefore, the water-binder ratio used in this 
work was 0.30. 
As it mentioned above, the percentage of fly ash to replace a 
part of cement are 0, 0.10, 0.15, 0.20 and 0.25 with the symbols 
of PCC, 10FA, 15FA, 20FA and 25FA respectively. The slump of 
concretes resulted incresased by increasing of flys ash 
percentage. This proves that fly ash can improve the workability 
of concrete. 
The strength developments of concrete up to three days can 
be seen in Table 3 as follow: 
 
 
 
 
 
TABLE 3. EARLY STRENGTH OF CONCRETES 
Mix 
Concrete age (days) 
1 3 
Weight 
(kg) 
Compressive 
Strength 
(MPa) 
Weight 
(kg) 
Compressive 
Strength 
(MPa) 
PCC 8819 33.111 8714 37.466 
10FA 8711 34.400 8803 38.044 
15FA 8619 34.356 8601 43.822 
20FA 8622 27.378 8768 51.333 
25FA 8469 18.089 8781 34.711 
Table 3 above shows the strength development of concrete with 
PCC only at one days is comparable to the strength of fly as 
concretes up to fly ash levels of 15% even a little bit higher than 
that of PCC concrete. The replacement PCC with fly ash above of 
the level reduces the one-day strength by 17.32 and 45.37% for 
concretes with 20 and 25% of fly ash respectively. However, the 
replacement PCC by fly ash up to 20% at three-day results 
strength of the fly ash concrete higher that that of PCC concrete; 
expecially the strength of concete with 20% fly ash (51.333 MPa) 
increases by 37.01% from PCC concrete (37.466 MPa).  
The strengths of fly ash concretes obtained from this research 
are lower than that of researches conducted in Europe and 
America using Original Portland Cement (OPC). It is expected as 
this research using Portland Cement Composite (PCC), which it 
has been mixed with pozzolanic materials such as fly ash in 
clinker; as well as the different sources of fly ash used. The 
replacement levels of fly ash in in concretes in America and 
Europe can reach up to 40% for concretes with lower water-
binder ratio or high strength concrete to produce strength of 
concrete even higher 100 MPa.     
 
5. CONCLUSION 
The results of this research can be summarized as follow: 
• The mix of concrete with water-binder ratio was not work as it 
was dried quickly and could not be cast into mould. It was 
expected as the temperature, when it was mixed very high 
making it dried very quickly.
• The slump of concrete mixes increased as the percentage of fly 
ash in concrete increased, even when using fly ash of 25%; the 
slump is collapse as the concrete flows. 
x The maximum percentage of fly ash obtained from PLTU 
Mpanau Palu, which can be used to replace cement in concrete 
to produce high strength concrete is 20%. The strength of 
concrete obtained using this level of fly ash is higher 37.01% 
than that of concrete with PCC only 
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Abstract: The use of construction equipment in all construction projects is a must not only to accelerate the project time but also to 
increase the productivity at job sites. One of most important challenges in construction projects is to decrease fuel use and emissions 
from diesel equipment. This paper aimed to quantify the emission rates of NOx from diesel construction equipment based on 
equipment and engine tier types. Weighted average approach was used to quantify the emission rates of NOx for 32 items of 
construction equipment. The average percentage of time in each engine mode for all types of equipment decreased as engine load 
increased, given by more than 70% of time for off-road truck in engine mode 1. Meanwhile, the average emission rates increased as 
engine load increased. The results showed that the engine tier 0 had the highest amount of NOx compared to engine tier 1 and 2, 
accounting for about 3.68 g/hp-hr for tier 0, 2.01 g/hp-hr for  tier 1 and 1.39 g/hp-hr for tier 2. However, among other equipment, the off-
road truck produced the lowest amount of NOx for all engine tier types. 
Keywords: construction equipment, emission rates,  NOx, equipment type, engine tier   
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1. INTRODUCTION 
The use of construction equipment in all construction projects 
is a must not only to accelerate the project time but also to 
increase the productivity at job sites. One of most important 
challenges in construction projects is to decrease fuel use and 
emissions from diesel equipment. In fact, most of construction 
equipment is powered by diesel engines which consume a 
significant amount of fuel and release a huge amount of pollutants 
into the environment. These emissions cause health problems to 
humans such as premature death, asthma attacks, lung cancer 
and lung damage and respiratory symptoms (EPA, 2002).  
Studies on quantification and characterization of emission 
pollutants from diesel equipment have been increasing. Some 
addressed the use of engine dynamometer tests (Tehranian, 
2003; Atkinson et al., 2000; Thompson et al., 2000; Clark et al., 
2002; Hashemi, 2007); meanwhile, others focused on real-world 
emissions measurements (Abolhasani et al., 2008; Lewis, 2009; 
Rasdorf et al., 2010; Frey et al., 2008; Kim, 2007, Lewis et al., 
2015). Lewis et al. (2012) studied the influence of engine idling 
with respect to fuel use and emission rates of CO2 for HDD 
construction equipment. This study determined the operational 
efficiency of each item of equipment indicated by the ratio of 
nonidle time to total equipment use time. The results showed that 
nonidle fuel use and emission rates were significantly higher than 
those in idle condition. In addition, results also showed that as 
idle time increased, the fuel use and emissions rates of CO2 
increased significantly.  
 Lewis (2009) presented a methodology for measuring the 
weighted-average fuel use and emission rates of HDD 
construction equipment while performing common duty cycles. 
Multiple linear regression models were developed for engine 
mode 2-10 based upon horsepower and engine tier. However, 
results showed that R2 values were low and ineffective. Thus, 
average modal emission rates of each pollutant were developed 
to obtain more reliable models. With respect to the results 
indicating comparison of the actual and estimated fuel use and 
emission rates, the response plots demonstrated that the 
methodology was reliable enough in estimating fuel use and 
emission rates. However, this study was only limited to estimating 
engine modes for each different type of equipment without 
characterizing fuel use and emissions using equipment type and 
engine tier type divisions. This paper highlights on a 
comprehensive quantification of emission rates using weighted 
average approach based on equipment type and engine tier type.   
 
2. METHODOLOGY 
 In this study, data were classified into seven types of diesel 
construction equipment consisting of six backhoes, six bulldozers, 
three excavators, six motor graders, three off-road trucks, three 
track loaders, and five wheel loaders. For each item of 
equipment, the datasets were comprised of a second-by-second 
basis of emission rates of NOx. Based upon the engine attributes, 
the equipment was further categorized into engine tier types 
containing of engine tier 0, tier 1, tier 2, and tier 3. The engine tier 
types were determined based on the model year and the engine 
size of the specified diesel equipment.   
 Engine load was then defined by measuring the MAP, which 
was used as a surrogate for engine load. Since most of the 
equipment had various ranges of MAP values, normalization of 
the MAP was conducted. In the engine modal analysis, the fuel 
use and emission rates were quantified for 10 different individual 
engine modes. Once the engine modal analysis for each engine 
mode was conducted, the average of emission rates for each 
engine mode could be quantified. In other words, the fraction of 
emission rates in each engine mode for each item of equipment 
could be estimated.  The overall modal weighted average 
emission rates of NOx was calculated by multiplying the 
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percentage of time spent in each engine mode for each type of 
equipment and the average of emission rates in that particular 
engine mode. The modal weighted average of emission rates can 
further be determined based on the engine tier types. In order to 
quantify the total amount of emission rates in each engine tier for 
each type of equipment, the summations of emission rates with n 
engine modes were conducted. The equation (1) takes the form 
of: 
 
ܧܨ ݓݐǤ ܽݒ ൌ෍ܶ݅ ݔ ܧܨ݅
ଵ଴
௜ୀଵ
 
 
3. RESULT AND DISCUSSION 
In order to estimate the weighted average of emission rates 
of NOx based on equipment and engine tier type, the average 
percentage of time in each engine mode for all types of 
equipment was analyzed.  It was found that as engine modes 
increased, the time spent in each engine modes decreased as 
clearly shown in Table 1. Engine modes were used as surrogate 
for engine load. It was revealed that the engine mode 1 had the 
highest percentage of time for all types of equipment given 29% 
for backhoes, 25% for bulldozers and more than 70% for off road 
trucks. The off-road truck had the highest percentage of time 
spent in engine mode 1 compared to other types of equipment. 
This is then followed by the wheel loader and the excavator as 
the second and third vehicles that spent more time in engine 
mode 1. Engine mode 1 represented the idle condition. As more 
time spent in engine mode 1, the engine represented more idle 
performance. 
 
Table 1. Summary of Average Percentage of Time for All Types of HDD 
Equipment 
Modes BH BD EX MG OT   TL  WL 
1 29.10% 24.92% 31.40% 24.19% 71.82% 26.98% 39.97% 
2 25.90% 15.46% 5.21% 6.65% 10.07% 4.97% 19.97% 
3 23.58% 15.63% 7.93% 9.93% 4.82% 3.91% 12.38% 
4 9.91% 9.15% 8.38% 11.23% 2.90% 3.95% 8.27% 
5 3.41% 6.68% 9.81% 9.57% 2.48% 7.68% 5.53% 
6 2.09% 6.50% 10.52% 12.11% 2.21% 13.03% 4.06% 
7 1.47% 5.05% 9.64% 12.30% 1.60% 8.59% 3.21% 
8 1.86% 4.02% 8.57% 5.93% 1.69% 7.88% 3.04% 
9 1.59% 6.74% 6.48% 4.53% 1.36% 9.39% 2.28% 
10 1.09% 5.83% 2.07% 3.55% 1.04% 13.62% 1.27% 
To calculate the weighted average of emission rates of NOx, 
32 items of equipment were classified by engine tier types. There 
are seven types of equipment and three engine tier types (tier 0, 
1, and 2).  Tier 0 consists of 5 vehicles (bulldozer 1 and 5, motor 
grader 4 and 5, and truck loader 2), tier 1(16 vehicles), tier 2 (10 
vehicles) and tier 3 (1 vehicle). Since tier 3 only has 1 item of 
equipment, tier 3 was not considered in this calculation. 
Additionally, the estimations of average NOx (g/hp-hr) in each 
engine mode for tier 0 were also given as shown in Table 2. The 
average emission rates were used to calculate the weighted 
average of emission rates. The average emission rates of NOx in 
tier 0 for each engine mode were calculated from the total 
emission rates of NOx from all equipment and also classified into 
engine tier 0 (2 bulldozers, 2 motor graders, and 1 track loader). 
Table 2. Average Emission Rates of NOx (g/hp-hr) for Tier 0 based on 
Tier Type 
Modes 
Average Emission Rates of NOx (g/hp-hr) for Tier 0 
BD 1 BD 5 MG 4 MG 5 TL 2 Average 
1 1.1298 1.2625 0.3637 1.1837 1.3695 1.0618 
2 2.6919 2.8989 0.8152 2.5540 3.0581 2.4036 
3 3.6514 3.9460 1.1493 3.5436 4.3217 3.3224 
4 4.3427 5.1201 1.3455 4.3983 6.7458 4.3905 
5 4.9418 6.0639 1.3392 4.8543 7.3315 4.9061 
6 5.5779 6.8602 1.5778 5.7840 6.6888 5.2977 
7 5.9454 7.5776 1.8595 7.0653 7.0560 5.9008 
8 6.5944 9.0207 2.4554 8.3775 11.5483 7.5992 
9 7.4800 11.2123 2.9158 9.7611 15.2835 9.3305 
10 7.8471 13.0162 3.9970 10.2801 19.5845 10.945 
 
 Table 2 denoted that the average emission rates for NOx 
(g/hp-hr) typically follow the similar trends. As engine modes 
increased, the average fuel use and emission rates of NOx also 
significantly increased. These behaviors also apply to each 
different tier. Furthermore, tier 0 has the highest average 
emission rates compared to tier 1 and tier 2. Tier 0 indicated more 
emissions compared to Tier 1 and 2. The modal weighted 
average emission rates were calculated by multiplying the 
percentage of time and average emission rates. These results 
were then totaled for all engine modes in order to obtain the total 
emission rates, as shown in the formulas 1.  
Table 3. Summary of Modal Weighted Average Emission Rates of NOx 
(g/hp-hr) for each tier 
Equipment 
Total Wgt. Average NOx (Ti x EFi) in g/hp-hr 
Tier 0 Tier 1 Tier 2 
BH 2.9238 1.6548 1.2353 
BD 4.0997 2.1964 1.4743 
EX 4.1799 2.2885 1.5003 
MG 4.3384 2.3760 1.5415 
OT 1.9944 1.1942 1.0153 
TL 5.2489 2.7128 1.7059 
WL 2.9374 1.6633 1.2312 
Total 3.6746 2.0123 1.3863 
The distributions of weighted average emission rates of NOx 
(g/hp-hr) in each engine mode for each equipment type and 
engine tier type are summarized in Table 3. It can be seen that 
there is variability in the weighted average emission rates for 
each type of equipment in each engine mode. The results showed 
that the track loaders emit the highest amount of NOx for engine 
tier 0 compared to other types of equipment, as well as the 
emissions in tier 1 and 2. In contrast, the off-road trucks emit the 
lowest amount of NOx emissions for each tier.  
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Figure 2. Total Weighted Average of NOx based on Equipment Type and 
Tier Type 
   
4. CONCLUSION  
The use of construction equipment in many construction projects 
has been widely increased as the needs of productivity 
improvement. One of most important challenges in construction 
projects is to decrease fuel use and emissions from diesel 
equipment. This paper aimed to quantify the emission rates of 
NOx from diesel construction equipment based on equipment and 
engine tier types. Weighted average approach was used to 
quantify the emission rates of NOx for 32 items of construction 
equipment. The average percentage of time in each engine mode 
for all types of equipment decreased as engine load increased, 
given by more than 70% of time for off-road truck in engine mode 
1. Meanwhile, the average emission rates increased as engine 
load increased. The results showed that the engine tier 0 had the 
highest amount of NOx compared to engine tier 1 and 2, 
accounting for about 3.68 g/hp-hr for tier 0, 2.01 g/hp-hr for  tier 1 
and 1.39 g/hp-hr for tier 2. It can also be seen that there is 
variability in the weighted average emission rates for each type of 
equipment in each engine mode. The results showed that the 
track loaders emit the highest amount of NOx for engine tier 0 
compared to other types of equipment, as well as the emissions 
in tier 1 and 2. However, among other equipment, the off-road 
truck produced the lowest amount of NOx for all engine tier types. 
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Quality of Experience on Toll Roads: Road Condition and Travel Time 
Herry Trisaputra Zuna* and Naya Cinantya Drestalita   
 Indonesia Toll Road Authority, Ministry of Public Works and Housing, 12110, Indonesia  
 
Abstract: Toll roads offer better service, where road physical condition and travel time are the main indicators that differ toll roads and 
non-toll roads. As regulator, the government often fail to set standards for toll road that meet both users and operators perspective of 
toll road service quality. This paper aims to understand correlations between toll road performance and users satisfaction based on 
both attributes, to define Quality of Experience on toll roads. Regression analysis is used in this paper by comparing toll road real 
condition and users’ perspectives. The real condition of toll roads are represented by toll roads Minimum Service Standards, while 
users perspectives are represented by Mean Opinion Score (MOS). International Roughness Index (IRI) is used as as the indicator of 
road condition, and travel speed on toll road is used as indicator for travel time. Three regression curves are formed for each attributes, 
namely logarithmic, polynomial, and linear. Road condition variable shows inverse relationship between IRI and MOS, with high R2 
(0.3877). This means higher IRI leads to dissatisfaction of toll road users. In contrary, hile travel speed shows different pattern with 
lower R2 (0.1881). Higher travel speed means shorter travel time, and it leads to higher satisfaction level of toll road users. 
Keywords: road condition; service; toll road; travel time 
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1. INTRODUCTION 
Activity systems in urban area are supported by network and 
environmental systems, causing mobility system, called 
transportation [1]. Toll road is one of the infrastructures built to 
support mobility in urban area, as it is essential for economic 
growth and activity development. Toll road offers better service 
than non-toll roads, and toll road users are charged as 
compensation, therefore they tend to have expectation when 
using toll roads. Ministry of Public Works and Housing regulation 
Number 16/PRT/M/2014 about Minimum Service Standard for 
Toll Road were set to make sure that toll road operators give 
decent services to meet toll road users’ expectations. 
Since 1960, Service Dominant Logic (SDL) paradigm has 
been developed, replacing the Good Dominant Logic (GDL) 
paradigm. Different than GDL which focused on the distribution 
process of goods, SDL is more focused on the service perceived 
by customers. That is why customer and producer’s interactions 
are necessary, as customers are seen as co-producer. In short, 
GDL is focused on the tangible and physical resources, while 
SDL is focused on intangible resources [2]. Customer’s 
satisfaction has been important since then, including in 
transportation and toll road sector. Customer’s or user’s 
satisfaction has been used as one of the indicators of road 
performance, as well as in other transportation sectors. 
Toll road performance has been proven to have high 
correlation to users’ satisfaction. As mentioned before, toll roads 
are supposed to give better services than non-toll roads, 
especially in these two indicators: road condition and travel time. 
Toll road users choose toll roads instead of non-toll roads, mainly 
because they expect to have more comfortable journey and more 
importantly, shorter travel time [3, 4]. Fulfillment of users’ 
expectation when receiving a service, influenced by their 
personality and feeling, forming the degree of delight or 
annoyance of the service. This is called Quality of Experience [5]. 
This paper aims to determine the Quality of Experience on toll 
roads, with respect to two toll road performance attributes namely 
road condition and travel time. This paper defines users’ 
satisfaction level of the two attributes on some toll roads, and also 
performance level of the same toll roads based on minimum 
service standards evaluation. In the end of this paper, correlation 
between users’ satisfaction and toll road performance is shown in 
graphs and equations. 
2. LITERATURE REVIEW 
A. Quality of Experience 
Experience is “an individual’s stream of perception and 
interpretation of one or multiple events”, and quality is “the 
outcome of an individual’s comparison and judgement process, 
including perception, reflection about perception, and the 
description of the outcome”. Based on both definition, Quality of 
Experience (QoE) is defined as “the degree of delight or 
annoyance of the user of an application or service.” [5] 
QoE is a tool to quantify the service quality perceived by 
customer. In service sector, QoE is essential for managing 
service provision, and to optimize the tradeoff between quality 
and resources [6].  
B. Toll Road as Service 
There are several characteristics of service and what makes it 
different than goods. Those characteristics are (1) intangible, (2) 
produced and consumed simultaneously in some conditions, (3) it 
is an activity, or some activities, (4) in some conditions, 
participation of customers are important [7]. 
Toll road is provided as an alternative for road users, and as 
mentioned before, it offers better service than non-toll road. It is 
not only physical road infrastructure, toll road provides intangible 
services such as shorter travel time and more comfortable 
journey. These exclusive services are the main differences 
between toll road and non-toll road, and that is why toll road 
should be seen as service. Expecting better services, customers 
are willing to pay to get their expectation fulfilled. Thus, 
willingness to pay method emerged, with the aim to determine the 
most reasonable price for a service [8]. In toll road sector, road 
users expect to get maximum benefit by using toll road, as a 
compensasion for paying toll tariffs. In some countries, road 
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users’ satisfaction are failed to be achieved due to service quality 
gap between users’ expectation and operators’ service. This 
condition can occur either because of the failure of toll road 
operators in fulfilling toll road service quality standards, or 
because the standards set by the government do not represent 
users’ expectation [9]. As a result, toll road users feel that the 
price they are paying are not worth the service they are getting, 
and it causes decreasing of willingness to pay. 
C. Service Quality in Transportation Sector 
In 1988, SERVQUAL model was introduced as a 
measurement for service quality. It was made based on 
disconfirmation paradigm and it is considered as the simplest and 
the most suitable model for some type of services [10]. There 
were ten criterias used in this model, but then in 2000, those 
criterias were simplified to five core dimensions, namely 
tangibles, reliability, responsiveness, assurance, and empathy 
[11]. 
SERVQUAL has been used widely to measure level of service 
quality in some service sectors, including transportation. 
Randheer et al used SERVQUAL model as the basic model to 
measure public transportation service quality, and modified the 
dimension by adding one more dimension namely culture [12]. 
Mustafa et al also used SERVQUAL to measure airline service 
quality, by reducing one dimension which is empathy [13]. Aydin 
& Yildirim used SERVQUAL without any modification to its 
dimensions to measure airline service quality [14]. 
In toll road sector, Zuna et al used SERVQUAL as the basic 
model and modified the dimensions using Artificial Neural 
Network (ANN). SERVQUAL dimensions were compared with 
minimum service standards for toll road, thus seven dimensions 
were formed, namely information, accessibility, reliability, mobility, 
safety & security, rest area, and responsiveness. Reliability has 
the highest contribution in users’ satisfaction (36.1%), it is 
represented by smoothness of road surface, followed by mobility 
(17.2%), represented by traffic congestion [3]. 
3. METHODS 
There are two attributes analyzed in this paper, namely road 
condition and travel time. Therefore there are two types of 
secondary data used in this paper, both were obtained by 
Indonesia Toll Road Authority. Data from toll road Minimum 
Service Standard survey in 2013 was used as toll road 
performance indicators, while for toll road users’ perspective 
(MOS), the data was obtained from toll road users’ satisfaction 
survey in 2013. The survey was conducted in 11 operating toll 
roads in Java, Indonesia, with 2000 respondents. The 11 toll 
roads are shown in table I below. 
Toll road users’ satisfaction in each observed toll road is then 
compared by its performance, based on the value of IRI and 
travel time. The analysis technique used is regression analysis, 
resulting equations that show correlation between toll road users’ 
satisfaction and toll road performance. There are three different 
regression equations for each attribute, namely linear, 
logarithmic, and polynomial. The three regression model are 
compared based on their R2 value. Higher R2 is a statistical 
measure of how well the regression model approximate the data. 
R2 value is between 0 (zero) and 1 (one), and higher R2 means 
the data fits more to the regression model/regression line. 
Furthermore, three regression curves are made to show the 
correlation pattern between both attributes. 
 
 
TABLE I.  RESEARCH LOCATIONS 
No Toll Road 
1. Jakarta – Bogor – Ciawi (Jagorawi) 
2. Jakarta – Tangerang (Janger) 
3. Semarang Section A, B, C (Semarang) 
4. Jakarta – Cikampek (Japek) 
5. Serpong – Pondok Aren (BSD) 
6. Tangerang – Merak (Merak) 
7. Cikampek – Purwakarta – Padalarang 
(Cipularang) 
8. Padalarang – Cileunyi (Padaleunyi) 
9. Palimanan – Plumbon – Kanci (Palikanci) 
10. Kanci – Pejagan 
11. Surabaya – Gempol (Surgem) 
 
 
4. 4.   RESULTS AND DISCUSSION 
Comfortable journey is what road users seek when using toll 
roads, and road condition affects directly to how users experience 
the journey. Zuna (2015) identifies comfortability in Reliability 
dimension, represented by smoothness of road surface. 
International Roughness Index (IRI) is used as road performance 
indicator, based on Regulation of Ministry of Public Works and 
Housing Number 16/PRT/M/2014 about Minimum Service 
Standard for Toll Road. It is mentioned that IRI value of each toll 
road must be below 4. Higher IRI means less smoothness on the 
road. 
In the end of 2013, IRI of all 11 observed toll road were below 
4, meaning that the toll road operators had achieved the 
government standards. However,  Kanci-Pejagan toll road’s IRI 
was only slightly below 4, which was 3.94. Janger toll road had 
the lowest IRI, reflecting highest performance based on minimum 
service standard evaluation, while Kanci-Pejagan toll road had 
the highest IRI.  Furthermore, MOS of road condition attribute 
shows similar pattern. Kanci-Pejagan toll road has the lowest 
MOS with only 2.000, while Jagorawi toll road has the highest, 
followed by Surgem, BSD, and Merak toll roads. IRI and MOS of 
each toll road are shown in table II below. 
Furthermore, for travel time attribute, Indonesia Toll Road 
Authority used travel speed as indicator, by comparing toll road 
travel speed to non-toll road travel speed. Higher travel speed 
means less travel time, and vice versa. Padaleunyi had the 
highest travel speed, which was 3.49 times faster compared to 
non-toll roads. While Cipularang toll road had the lowest, with 
only 1.80 times faster than non-toll roads. 
 
TABLE II.  IRI AND MOS OF EACH TOLL ROAD 
No Toll Road IRI MOS 
1. Jagorawi 2.95 3.606 
2. Janger 2.81 3.011 
3. Semarang  3.59 2.749 
4. Japek 3.28 2.726 
5. BSD 2.83 3.470 
6. Merak 3.22 3.343 
7. Cipularang 3.13 2.636 
8. Padaleunyi 3.17 2.225 
9. Palikanci 3.60 2.528 
10. Kanci – Pejagan 3.94 2.000 
11. Surgem 3.38 3.574 
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Different than road condition attribute, Kanci-Pejagan toll road 
had the highest MOS for travel time attribute even though the 
travel speed was low, and Jakarta-Tangerang toll road had the 
lowest MOS. These numbers represented toll road users’ 
satisfaction level of travel time on those toll roads. 
TABLE III.  TRAVEL SPEED AND MOS OF EACH TOLL ROAD 
No Toll Road Travel Speed MOS 
1. Jagorawi 2.17 3.121 
2. Janger 2.91 1.935 
3. Semarang  2.56 3.330 
4. Japek 2.16 2.691 
5. BSD 2.81 2.820 
6. Merak 3.29 3.157 
7. Cipularang 1.80 2.798 
8. Padaleunyi 3.49 3.372 
9. Palikanci 2.69 3.604 
10. Kanci – Pejagan 1.83 4.021 
11. Surgem 2.13 3.170 
 
Using Microsoft excel, the data obtained above are visualized 
to scatter plot graphs, showing patterns of correlations between 
road performance (from Minimum Service Standard survey) and 
MOS. Using the same software, three regression equations were 
made for each attribute, namely linear regression, polynomial 
regression, and logarithmic regression. MOS of each attribute is 
the dependent variable (y), influenced by IRI and travel speed as 
independent variables (x). 
TABLE IV.  REGRESSION MODELS FOR ROAD CONDITION 
ATTRIBUTE 
Regression 
Model Equation 
R2 
Linear y = 0.9934x + 6.1204 0.3709 
Polynomial y = -0.5416x2 + 2.619x + 0.156 0.3877 
Logarithmic y = -1.43ln(x)+4.9111 0.0833 
 
Table IV shows three regression equations for road condition 
attribute. R2 represents how well the regression model explain the 
data. Higher R2 means the data fits more to the model. Based on 
the R2 value, the polynomial model is the most suitable model for 
this attribute with 0.3877 of R2, meaning that this model best 
represents the data pattern. The polynomial model has negative 
value for independent variable, and it indicates inverse 
relationship between independent and dependent variables. If the 
independent variable gets higher, the dependent variable 
decreases. This model suits the data: higher IRI leads to road 
users’ dissatisfaction. 
Figure 1 shows the scatter plot of IRI and MOS of road 
condition attribute, as well as the polynomial regression model 
curve. The curve shows inverse relationship pattern. 
 
Fig. 1. Regression Curve for Road Condition Attribute 
Furthermore, table V shows the three regression models for 
travel time attribute. According to the R2 value, similar with the 
road condition attribute, polynomial model is also the best model 
to represent correlation between travel speed and users’ 
satisfaction. From the table it is also shown that the polynomial 
model is the only model with positive value on the independent 
variable. This value shows that any increases of travel speed will 
cause higher users’ satisfaction level. 
 
TABLE V.  REGRESSION MODELS FOR TRAVEL TIME ATTRIBUTE 
Regression 
Model Equation 
R2 
Linear y = -0.2132x + 3.6559 0.05 
Polynomial y = 0.7148x2 – 3.9438x + 8.3112 0.1881 
Logarithmic y = -0.058ln(x) + 3.088 0.0005 
Figure 2 depicts the polynomial regression curve, showing that 
travel speed is directly proportional to users’ satisfaction level. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Regression Curves for Travel Time Attributes 
5. CONCLUSION 
Toll road is provided by the government as an alternative for 
road users and it offers better service than non-toll roads, such as 
more comfortable journey and shorter travel time. However, toll 
road users are charged for toll tariffs as a compensation for those 
services. As a result, they have expectations on toll road services. 
When experiencing journey on toll road, users’ are developing 
a degree of delight and annoyance based on their current feeling, 
and it is called Quality of Experience (QoE). Furthermore, users’ 
satisfaction level affects the QoE, while users’ satisfaction is 
affected by several attributes. Previous research mentioned that 
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road condition and travel time are the main attributes affecting toll 
road users’ satisfaction. 
Road condition can be represented by IRI of the road, and 
according to the minimum service standard, IRI value of every toll 
road must be below 4. Based on the survey conducted by 
Indonesia Toll Road Authority, 11 toll roads in Java, Indonesia, 
have fulfilled those standards. Furthermore, travel time is 
represented by travel speed. 
Based on the analysis results using regression method, 
polynomial regression model has the highest R2 value for both 
attributes, meaning that these models best explain the 
correlations between IRI and MOS, and between travel speed 
and MOS. 
IRI and MOS have inverse correlation. Higher IRI means 
lower road performance, and it leads to dissatisfaction of toll road 
users. In contrary, for travel time attribute, higher travel speed 
means shorter travel time, and it increases toll road users’ 
satisfaction level. 
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Simplified Hydraulic Conceptual Model for Stormwater Treatment 
Bioretention Basin 
Isri Ronald Mangangka* 
Department of Civil Engineering, Faculty of Engineering, Sam Ratulangi University, Manado 95115, Indonesia,  
Abstract: A bioretention basin performs as a pollutant removal device using filtration as the main mechanism, supported by 
evapotranspiration, absorption and biotransformation. This is in addition to attenuation of runoff peak flow and reduction of runoff 
volume through detention and retention [1]. Past studies have reported that pollutant concentration reduction in bioretention basins is 
poor for a range of pollutant species particularly for nutrient species [1][2][3][4]. However, a substantial reduction in outflow volume can 
lead to significant reduction in pollutant loads [5]. 
A range of studies have been conducted for assessing bioretention basin performance and hydraulic and pollutant removal processes 
[6][7][8][9][10][11][12]. However, most of the past field studies have been conducted to evaluate the long term treatment performance 
while most of the studies which focused on developing an in-depth understanding of processes have been conducted using laboratory-
scale models [13][14][15]. This has resulted in knowledge gaps relating to field performance and associated pollutant removal 
processes in relation to bioretention basins.  
As a part of this study, a selected operating bioretention basin was evaluated for its hydraulic processes. This paper focuses on the 
development of bioretention basin hydraulic conceptual model. The model utilises a range of conceptual approaches and empirical 
equations. The model replicates the infiltration processes through the filter media and water movement within the system from the inlet 
to the outlet. The model was successfully calibrated using on-site recorded inflow and outflow data. 
Keywords: Bioretention Basin, bioretention model, hydraulic conceptual model.1 
                                                        
e-mail: isri.mamgangka@unsrat.ac.id* 
 
1. INTRODUCTION 
Hydraulic processes play an important role in stormwater 
pollutants removal by bioretention basins. As pointed out by 
numerous researchers (for example [6] and [8]), hydraulic factors 
such as residence time and outflow discharge are the most 
critical. These factors can be obtained using design 
configurations in event-based assessment. However, in-depth 
assessments which require variation of these factors within an 
event require a modelling approach to generate the relevant 
hydraulic factors. Due to this reason, a conceptual model was 
developed to estimate hydraulic factors in short time steps. The 
developed model contains a range of conceptual approaches and 
empirical equations. The model was developed to replicate 
stormwater infiltration through the filter media, and water 
movement from the drainage layer exiting the bioretention basin 
through the perforated pipes. 
 
2. THE PRINCIPLES AND ASSUMPTIONS ADOPTED FOR 
THE MODEL 
Hydraulic characteristics of a bioretention basin are primarily 
based on infiltration and percolation of stormwater through the 
filter media and can be classified as typical subsurface flow. 
Subsurface flow can be best replicated by 3-dimensional flow 
models, which are very complex and often requires numerical 
analysis [16]. To reduce this complexity, a range of assumptions 
was made, primarily to convert a 3-dimensional flow system to a 
1-dimensional flow system. In the conceptual model, the 
bioretention basin was divided into a number of equal zones. A 
trial and error process used suggested that 10 equal zones were 
suitable for the model (see Figure 1). The stormwater movement 
over the surface was as a flow from zone 1 where the inlet 
structure was located to zone 10 where the outlet structure was 
located. Each zone with 24.8 m2 surface area was considered to 
be a soil column in which the water flows downward to replicate 
the infiltration process. When the stormwater flows on the surface 
of the assumed soil column exceeds the infiltration capacity of the 
soil, the excess runoff was assumed to be surface flow to the next 
zone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Simplifying 3-dimensional flow into 1-dimensional column 
based flow 
The stormwater flow within the bioretention basin (see Figure 
2) was modelled according to the processes described in the 
following steps: 
• Stormwater runoff enters the bioretention basin through the 
inlet structure in zone 1 which is assumed as a soil column 
(1). 
x The stormwater runoff then infiltrates into the soil column (2). 
This is replicated using the infiltration model. 
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x When the inflow rate is higher than the soil column infiltration 
capacity, the excess runoff becomes surface flow to the next 
soil column (3).  
x The infiltrated water then percolates until it reaches the 
drainage layer in which the stormwater is temporarily stored 
(4). 
x Part of stormwater stored in the drainage layer percolates to 
the original soil layer underneath (5).  
x Through perforated pipes, stormwater in the drainage layer 
flows to the outlet structure where the outflow was monitored 
(6). 
 
3. MODELLING THE INFILTRATION PROCESS IN 
THE SOIL COLUMN FILTER MEDIA 
 The soil column is considered as a system where water 
balance can be applied. This means water entering and leaving 
the system is subject to the water balance concept. In this way, 
cross interaction between columns and its surrounding columns 
were considered negligible. Therefore, any possible seepage flow 
from groundwater and infiltration into the sidewall is negligible. 
This is acceptable since the soil surrounding the system is silty 
clay with low infiltration rate. Adopting the water balance 
approach, the soil column was considered as a storage. The 
storage volume was replicated to increase or decrease 
depending on the volume of stormwater entering and leaving the 
storage. This action was replicated using a standard storage 
equation in the form of (1).  
οܵ ൌ ܵ௧ାο௧ െ ܵ௧ ൌ ܫǤ οݐ െ ܱǤ οݐ (1) 
Where  ΔS = change in storage volume (m3) 
Δt  = time interval (sec) 
St = storage volume (m3) at the beginning of  the time 
interval Δt  
St+Δt = storage volume (m3) at the end of the time interval 
Δt  
I = inflow discharge rate (m3/sec) 
O = outflow discharge rate (m3/sec) 
The input to the system was infiltration while the output 
components of the system are percolation to the drainage layer 
underneath and evapotranspiration. Infiltration is considered to be 
influenced by factors such as soil moisture content, porosity, soil 
hydraulic conductivity and soil surface condition including 
vegetation cover. A range of equation formats are available to 
replicate the infiltration process such as equations proposed by 
[17][18][19]. All these equation formats were reviewed and Philip 
and Green-Ampt models were preferred for this study. This is due 
to the capability of Philip and Green-Ampt models to incorporate 
soil (media) characteristics in the equation rather than the pure 
mathematical format adopted in Horton’s infiltration model. 
However, since the Green-Ampt model requires a lesser number 
of variables compared to the Philip model, the Green-Ampt model 
was chosen for the conceptual model developed. 
The principle of Green-Ampt model is based on continuity and 
momentum [16]. The conceptual format in which the Green-Ampt 
equation was applied in this study is presented in Figure 3. 
Considering the zone 1 soil column as a vertical soil column (see 
Figure 3 (a)), the control volume was defined as the volume of the 
soil column from the surface to depth L (see Figure 3 (b)). As the 
wetting front progresses, the moisture content θ will increase from 
the initial value θi to η (porosity). When θ equals η, the soil is fully 
saturated. When L equals the thickness of the filter media (m), 
the whole filter media is considered fully saturated. In this 
condition, the wetting front fully passes the whole filter media and 
reaches the drainage layer. Accordingly, infiltration is replaced by 
percolation. The cumulative water depth infiltrating into the soil is 
expressed by (2) [16]. 
 
ܨሺݐሻ ൌ ܮሺߟ െ ߠ௜ሻ  (2) 
 
Fig. 3. Vertical soil column and Green-Ampt infiltration model variables 
(Figure 3 (b) adapted from [16] 
 
The developed model divides the infiltration process into two 
phases. Phase 1 starts from the beginning of the infiltration 
process until it reaches the drainage layer. Phase 2 is the phase 
when the infiltrated stormwater contributes to the storage volume 
in the drainage layer. In this instance, the drainage layer was 
considered as the second storage. The stormwater entering and 
leaving this second storage was also replicated using the water 
balance approach with a standard storage equation in the form of 
(1). Detail modelling of phase 1 and phase 2 are explained further 
as follows: 
Phase 1 
When the stormwater inflow from the catchment enters zone 1 
or the exceeded surface flow enters the next zone, the 
stormwater begins to infiltrate into the soil column of the zone at a 
certain infiltration rate. The actual infiltration rate is equal to the 
inflow rate, if the inflow rate is less than the infiltration rate 
capacity of the soil column. However, if the inflow rate is greater 
than the infiltration rate capacity, the actual infiltration rate is 
equal to the infiltration rate capacity. The infiltration rate capacity 
was calculated using (3) [16]). 
 
 
 
 
 
Where: f(t)  = The infiltration rate capacity (m/h) 
 F(t) = Cumulative infiltration (m) 
 ks = Hydraulic conductivity or saturated soil 
permeability coefficient (m/h) 
 ψ =  Wetting front soil suction head (m) 
 Δθ = The difference between the initial water 
content and saturated water content or 
porosity (η) 
The equation for infiltration rate capacity (3) can be 
reformulated for cumulative infiltration capacity equation in the 
form of (4)[16]. Equation format shown in (4) requires iterative 
solutions to obtain cumulative infiltration capacity F(t).
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ܨሺݐሻ ൌ ݇௦ ή ݐ ൅ ߰Δߠ ή ݈݊ ቀͳ ൅
ிሺ௧ሻ
టΔఏቁ  (4) 
Where: t = Time elapsed (h) 
Phase 2 
Phase 2 begins when the wetting front reaches the drainage 
layer and the stormwater in the filter media starts draining to the 
drainage layer. It is indicated by the cumulative infiltration 
capacity calculated using (4) equals the cumulative infiltration 
obtained using (2). This is known as percolation, which is the 
movement of water downward in a media which is promoted by 
gravitational forces. The percolation of stormwater from the filter 
media to the drainage layer was also divided into two conditions. 
The first condition is when the filter media is still unsaturated 
while the second condition is when the filter media is fully 
saturated. The percolation rate in the second condition was 
replicated using saturated coefficient of permeability ks. 
Therefore, the volume of water which percolates during the 
modelling time interval Δt can be written as (5). 
ܸݓο௧ ൌ ݇௦ ή οݐ ൈ ܣ  (5) 
Where: VwΔt = Volume of water percolating from filter media 
column (m3) 
 Δt =  Time interval (h) 
 A =  Cross sectional area of the filter media 
column (m2) 
When the filter media is not fully saturated, the saturated soil 
permeability coefficient, ks in (5) is replaced by kw, as presented 
in (6).
ܸݓο௧ ൌ ݇௪ ή οݐ ൈ ܣ (6) 
Where: kw = Unsaturated soil permeability coefficient (m/h) 
To obtain an accurate unsaturated soil permeability coefficient 
kw, a field or laboratory experiment is required. However, [20] has 
proposed an approximate method to obtain values for kw, which is 
presented in (7). 
݇௪ ൌ ݇௦ ൈ ܵ௘ఋ (7) 
Where: Se =  Effective saturation of soil 
 δ =  An empirical constant, expressed by  
   δ = (2 + 3λ) / λ, where λ is the pore size 
distribution index 
Reference [21] suggested pore size distribution index (λ) as 
equal to infinity for uniform sand, resulting 3.0 for empirical 
constant (δ). For natural sand deposits, reference [22] suggested 
λ = 4.0, resulting in a δ value of 3.5, while for soil and porous 
rock, reference [23] proposed 2.0 for λ, resulting in a δ value of 
4.0. The developed bioretention basin used λ = 10 which gives δ 
= 3.5. This value was obtained from the calibration. 
The effective saturation Se is the ratio of the available moisture 
content θ – θr to the maximum possible available moisture 
content η – θr. It is written in the form of (8)[16]. 
ܵ௘ ൌ
ఏିఏೝ
ఎିఏೝ
 (8) 
Where: Se =  Effective saturation of soil 
θ =  Moisture content 
θr =  The residual moisture content of soil 
after it has thoroughly drained 
η =  Porosity 
The maximum possible available moisture content is called 
the effective porosity, reflected by η – θr = θe.  The effective 
saturation, Se was monitored during the modelling period to 
evaluate whether the filter media is in unsaturated or saturated 
condition. Once the value of Se reaches 100%, the filter media is 
considered to be saturated. 
 
4.  WATER LOSSES DUE TO PERCOLATION 
Since the type of soil underneath the bioretention basin is silty 
clay with a very low percolation rate, a constant percolation rate 
of 1.8 x 10-6 m/h as suggested by [24] was applied in the model 
throughout the bioretention basin area. However, during model 
calibration, this percolation rate was adjusted to obtain better 
results. 
 
5.   DIRECT PRECIPITATION 
Direct precipitation is rainfall which directly falls on the 
bioretention basin surface and the area surrounding the 
bioretention basin without entering through the inlet measurement 
device. The amount of direct precipitation for a certain duration is 
considered as the rainfall depth for that duration multiplied by the 
bioretention basin surface area. In the case where the rainfall falls 
on the surroundings of the bioretention basin area and the runoff 
produced does not flow through the inlet measurement device, 
but seeps through the bioretention basin, runoff was estimated by 
applying a runoff coefficient. The initial runoff coefficient of 0.7 
was considered appropriate to compensate for the loss of water 
due to interception and infiltration. However, this value was 
adjusted during model calibration. 
 
6. MODELLING THE FLOW THROUG PERFORATED PIPES 
TO OUTLET  
Flow through the perforated pipes was modelled as flow in a 
circular open channel. Initially, this flow was assumed as laminar 
and later confirmed after calibration. The flow at the end of the 
perforated pipe near the outlet was also assumed as uniform and 
steady. This assumption was based on the fact that the 
longitudinal slope of the perforated pipe is very small (0.005). 
Flow through a circular open channel is explained by a range 
of researchers such as by [25][26][27][28] and [29]. Based on the 
suggestions provided in literature, Manning’s equation, in the 
form of (9), was used to simulate flow through the perforated 
pipes in the model developed.  
ܳ ൌ ௞௡ ൈ ܣ ൈ ܴ
ଶ ଷൗ ൈ ܵଵ ଶൗ   (9) 
Where: Q =  Discharge (m3/sec)   
 k =  Conversion factor (m1/3/sec) 
 n =  Manning’s coefficient 
 A =  Wetted cross sectional area of the circular pipe 
(m2) 
 R =  Hydraulic radius of the wetted cross sectional 
area (m) 
 S =  Slope of the hydraulic grade line (equal to the 
longitudinal slope for uniform flow)  
The internal surface of the perforated pipe was considered as 
rough due to the presence of perforations. Therefore, the 
Manning’s roughness coefficient in the range of 0.012 to 0.017 
was initially used [29]. The actual Manning’s coefficient was 
obtained from the calibration.  
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7.   CALIBRATION OF THE MODEL 
Finalised model parameters were obtained by model 
calibration. Calibration was undertaken to obtain model 
parameters ensuring that the model was performing as close as 
possible to the stormwater bioretention basin system. It was 
primarily a trial and error changing of parameters until outputs 
reach best visual fit to the measured outcomes [30][31]. The 
method is widely used and commonly recommended for complex 
models [32][33][34].  
In order to obtain a good comparison during the calibration 
process, a noise suppression technique was required to reduce 
the data noise due to the sensitivity of the pressure sensor 
reading the fluctuating water depth in the V-notch weir boxes. In 
this study, the average method was used for noise suppression, 
by averaging several data points before and after each data point 
as a corrected data point. The typical hydrographs before and 
after reducing noise using the averaging method are shown in 
Figure 4. 
 
Fig. 4. Hydrograph before and after noise suppression 
The model calibration was done using data from twelve storm 
events during April 2008 to March 2011 period [35], and the 
calibration results were found to be satisfactory [36]. To assess 
the accuracy of the calibrated model, the study adopted a well-
known statistical analysis method developed based on the 
regression analysis technique [37][38]). In this method, coefficient 
of determination (R2) which can be used to measure the 
‘goodness-of-fit’ of the estimated model is calculated based on 
regression residual by taking time as the independent variable (x) 
and measured and model values as dependent variables. The 
residual (ûi) associated with each paired data values (measured 
and model) is the vertical distance between the measured value 
(yi) and model value (ŷi) which can be written as ûi = yi - ŷi (see 
Figure 5) [38]. 
 
Fig. 5. Regression residual (Adapted from [38]) 
The R2 value is calculated using (10) [37]. 
ܴଶ ൌ ͳ െ  ௌௌோௌௌ் ൌ ͳ െ
σ ሺ௬೔ି௬ො೔ሻమ೙೔సభ
σ ሺ௬೔ି௬തሻమ೙೔సభ
   (10) 
Where: R2 =  Coefficient of determination 
 SSR  =  The sum of the squared residuals and can be 
expressed as ܴܵܵ ൌ σሺݕ௜ െ ݕො௜ሻଶ ൌ σݑො௜ଶ 
 SST  =  Total sum of squares and can be expressed 
as σሺݕ௜ െ ݕതሻଶ. 
 ݕ௜ =  Measured value of dependent variable 
 ݕො =  Model value of dependent variable 
 ݕത =  Mean value of dependent variable 
 
The sum of squared residuals (SSR) represents the 
residuals/errors of the model to the measured data while the total 
sum of squares (SST) represents the variation of the dependent 
variable around its mean. Therefore, ௌௌோௌௌ் can be defined as the 
proportion of the residual to the variation in the dependent 
variables. R2 can be written as 1 minus the proportion of the 
residual to the variation in the dependent variable and must be 
bounded by 0 and 1 (0 < R2 < 1). The higher the R2 value, the 
better the model or the closer the value of R2 to 1, the closer the 
model to the data points [38].  
An example of a typical analytical result showing the 
goodness-of-fit of the developed wetland conceptual model 
hydrograph for the measured data is presented in Figure 6. 
 
Fig. 6. Bioretention basin measured and modelled discharge hydrograph 
The coefficient of determination (R2) calculated for twelve 
monitored rainfall events are shown in Table 1.  
Table 1. The goodness-of-fit, coefficient of determination R2 
No. Rainfall event R2 
1 29-01-2008 0.89 
2 03-02-2008 0.91 
3 17-03-2008 0.92 
4 18-04-2008 0.91 
5 29-05-2008 0.92 
6 22-01-2009  0.94 
7 29-01-2010 0.98 
8 18-04-2010 0.91 
9 23-06-2010 0.92 
10 19-07-2010 0.88 
11 02-03-2011 0.93 
12 29-03-2011 0.94 
  Average 0.92 
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Note: Minimum R2 = 0.88, maximum R2 = 0.98 and average R2 = 0.92 
(printed in bold) 
Table 1 shows that the R2 ranges from 0.88 to 98 with an 
average of 0.92. This range was considered satisfactory. This 
suggests that the approaches adopted in the model development 
are appropriate. 
Based on the trial and error procedure, the parameters were 
adjusted during the calibration and the best fit parameters were 
obtained for the developed model. The parameters obtained and 
their final values are given below: 
- Hydraulic conductivity of the filter media : 0.025 m/hr 
- Wetting front soil suction head, ψ  : 0.167 m 
- Porosity of the filter media, η : 0.501 
- Pore size distribution index, λ  : 10 
- Percolation rate of soil underneath the basin : 5 x 10-5 m/hr 
- Manning’s coefficient of the perforated pipe : 0.015 
- Runoff coefficient : 0.7 
 
7. CONCLUSION 
The treatment processes of stormwater in a bioretention basin 
are influenced by a range of hydraulic factors. However, these 
influential factors may vary during an event and the variation can 
be generated using a detailed modelling approach. Therefore, in 
this study a hydraulic conceptual model of bioretension basin 
which is capable to replicate the hydraulic conditions within the 
wetland was developed. The model was calibrated using trial and 
error procedure which is the most robust procedures available. 
The model was simplified from 3-dimension flow system to a 
1-dimensional flow system. However, the approaches adopted to 
develop the bioretention basin hydraulic conceptual model in this 
study are satisfactory. The average coefficient of determination of 
model-measured outflow discharge, R2 of 0.92 confirms the 
suitability of the model developed to simulate hydraulic factors. 
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Improving Mortar Properties in Saline Environment 
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Department of Civil Engineering, Faculty of Engineering, Mataram University, Mataram-Lombok 83125, Indonesia, 
Abstract: Buildings in coastal settlement are severely subjected to the effect of saline environment. Brick wall, which consists of brick 
and mortar, is the most affected component degraded by such environment. There are several methods reported in literatures for 
reducing the effect of aggressive environments to mortar. Most of the previous studies concentrate on introducing additional materials 
that might increase the overall building cost. This paper discusses the possibility of reducing the negative impact of sal ine environment 
by just increasing the proportion of cement in mortar mixes. The study was divided in two subsequent experimental stages. The first 
experiment was designed to select the most optimum mortar composition by varying the cement content. The research parameters 
includes compressive strength, water absorption and PH value of the mortar. Having obtained the most effective mortar composition 
through the first experiment, it was also investigated the possibility of using silica fume as a partial replacement for cement in further 
experimental stage. The study has proved that the cement content plays an important role in the quality of mortar. The increasing of 
cement content has considerably improved the compressive strength of mortar up to 370%. The optimum composition was mortar with 
the ratio of cement/sand of 30:70. The selected mixes has also significantly reduced water absorption by around 65%. The partial 
replacement of cement content with silica fume to the selected proportion further improved the properties of mortar. The compressive 
strength was enhanced by approximately 13%, while water absorption was reduced by 35%. The PH value seems not significantly 
affected by both treatments as the first experiment only increases the PH value up to 6% and further treatment decreases the PH 
value by only 2.5%. 
Keywords: Improvement method; mortar properties; saline environment; mortar mixes.      1 
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1. INTRODUCTION 
The knowledge of using proper material for housing is 
relatively less particularly for people who lives in rural areas. 
Building materials are often selected based on common practices 
which may lead to build less durable houses. It is also frequently 
observed as common practice that concrete or mortar mixes for 
building in normal condition is also employed for housing along a 
sea front. Crisman [1] stated that climate has to be considered as 
the most important factors in selecting and assembling of 
material. It is well understood that durability of homes in coastal 
areas relies on the type of materials used in building the 
construction. Masonry is a common material used for building 
construction in coastal settlement as it exhibits excellent long-
term performance. The durability of masonry structures is 
influenced by both masonry units and the mortars [2]. It is 
therefore, mortar plays a significant contribution to the overall 
durability of a masonry or brick structure. Early damages to 
structures in saline environment are unavoidable and therefore 
preventive efforts have to be included in design and during the 
construction process. Bates [3] stated there is a strong correlation 
between damage and salinity level. The durability of mortar 
exposed to saline environment has been a topic of interest to 
researchers for long time. As pointed in [2], there are several 
factors that significantly affects the performance of mortar 
includes; mortar class, cement, sand, joint finish, masonry unit 
and period of exposure. 
A lot of ideas and solutions have been discussed and 
revealed some important findings. However, it remains 
challenging for further study and research. Ganjian and Pouya [4] 
used silica fume as a cement replacement to enhance the 
performance of cement paste and concrete mixes in Persian gulf 
water. Rahman et al. [5] suggested the use of epoxy-based 
masonry mortar in building infrastructure as it showed excellent 
resistance to corrosive environment. In addition, modifying mortar 
by adding polyethylene terephthalate (PET) was reported in [6]. It 
was found that the modified mortar performed better against 
chemical attack by various acid. Most of the previous reported 
works in this topic tried to introduce additional materials in 
enhancing the performance of mortar under saline environment. 
This paper presents the results of experimental works on 
improving the performance of mortars in saline water by just 
increasing the cement content in mortar mixes. The research was 
motivated by the work of Wegian [7] who stated that the cement 
content has a significant influence on improving the strength and 
durability of concrete. Concrete with higher cement content more 
durable and stronger than normal concrete. More specifically, the 
current research uses inferential statistical analysis to obtain 
more accurate findings. Also, the proposed method has the 
advantage of being easy to be conducted by less-skill workers. 
2. EXPERIMENTAL DETAILS 
In this study, three different mortar compositions were 
prepared and assessed. With the inclusion of a control specimen 
that consists of a standard or normal mortar with 20% cement 
and 80% sand, the experiment was carried out to test four levels 
of a factor. The specimens were prepared and tested in 
accordance with SNI 03-6825-2002 standard [8]. For 
compressive test, the specimens were shaped into the size of 50 
x 50 x 50 mm and the specimen was replicated 5 times. While the 
specimen for water absorption and PH value test were replicated 
3 times. All specimens were exposed to aggressive environment 
by submerging them in saline water for 28 days. The samples 
preparation and testing process are presented in Fig.1. The 
experimental investigation was divided into two subsequent 
works; first and second experiments. The first experiment was 
designed to select the most optimum mortar compositions by 
varying the cement content. The selected mortar composition 
obtained from the first experiment was then used as the control 
specimen in further experiment in the second stage, where some 
amount of cement were partially replaced with silica fume. 
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Fig.1. Samples and testing program 
3. RESULTS AND DISCUSSIONS 
A. First Experiment 
The mix design of mortar for the first experimental work is 
presented in Table I. As seen in the table, three different mortar 
compositions; MTR-1, MTR-2 and MTR-3 were compared to a 
control (CTR) specimens. The discussions were focused on three 
parameters; compressive strength, water absorption and PH 
value, that represented the physical and mechanical properties of 
mortar. The testing results are presented in Fig. 2. 
TABLE I. MORTAR MIX DESIGN FOR THE FIRST EXPERIMENTAL 
WORK 
Mortar 
Category 
Percentage of material Weight of material (gr) 
Cement 
(%) 
Sand  
(%) 
Cement  
(g) 
Sand 
(g) 
CTR 20 80 400 1600 
MTR-1 25 75 500 1500 
MTR-2 30 70 600 1400 
MTR-3 35 65 700 1300 
  
 
 
  
Fig.2. Results of the first experiment 
 The compressive strength, water absorption and PH value 
were plotted against the mortar categories. It is clearly 
demonstrated in the Fig. 2(A) that the increasing of cement 
content produces mortar with notably high in compressive 
strength. The range of improvement given is around 190% to 
370%. Mortar MTR-1 with cement/sand ratio of 1:4 has the 
average compressive strength of 26.76 MPa, which is about 
194.5% higher than such value of standard or normal mortar 
(CTR). Increasing the cement content by 30% and 35% further 
enhanced the compressive strength to 39.97 MPa (MTR-2) and 
42.29 MPa (MTR-3), respectively. The enhancement provided 
was about 340.6% for MTR-2 and 366.2% for MTR-3. The result 
is comparable to the finding of Wegian [7] who previously stated 
that the cement content has a strong effect to the strength and 
durability of concrete. It is also confirmed the results of other 
previous study reported in Reference [2]; the higher cement 
content the lower scratch index which representing the durability 
of mortar. The report also noted that mortar with higher class 
provides better durability. 
 However, when a comparison is made between MTR-2 and 
MTR-3, the average compressive strength of these two levels 
differs by what seems to be a modest amount. In that case, the 
difference is perhaps due to difference in sample preparation or 
testing. This also indicated that the optimum cement content is 
approximately around 30%. Beyond that point, the improvement 
is no longer significant. The improvement of compressive strength 
is perhaps due to the enhancement of binding mechanism within 
mortar mixes. As the cement content increases, the surface area 
of sand is covered thoroughly by the cement matrix creating a 
good bonding between sand in contact. When the cement content 
exceeded the needs, the amount of sand as the reinforcement 
decreases and produces mortar with equal or even lower 
strength. 
 The average of water absorption also differs by a large 
amount when comparing each level to the control, as depicted in 
Fig. 2(B). It is clearly shown that mortar with high cement content 
absorb much less water compared to the normal mortar, which 
may lead to a more durable performance in long term. The range 
of improvement was approximately 35% to 67%. A proportion of 
30:70 of cement/sand (MTR-2) has considerably improved the 
water absorption properties. The water absorption was reduced 
by approximately 67.37%, from 15.75% to only 9.41%. Increasing 
the proportion of cement by 5% (MTR-1) gives a moderate 
enhancement by 35.31% of the water absorption properties of 
mortar. In addition, the water absorption properties of MTR-3 was 
10.07%, which is about 56.4% less than the control (CTR). The 
reason why mortar with higher cement content absorb less water 
is probably due to the presence of adequate cement matrix is not 
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only improving the bonding between sand particles but also filling 
the pores within the mortar. 
 Fig. 2(C) shows the trend of the PH value which constantly 
to rise up slightly as the percentage of silica fume is increased. 
The difference only ranges between 4 to 6%. The addition of 15% 
more cement to the control increases the PH value by 6.2% 
(MTR-3). While the PH value of MTR-1 and MTR-2 is 11.04 and 
11.21, respectively. The difference to the control was about 
4.05% and 5.65% for MTR-1 and MTR-2, respectively. It is 
important to note that the PH value for all treatments is higher 
than 7 which means that all mortars are not in acid conditions. 
The PH value above 6.5 should be maintained to prevent material 
from degradation due to acid condition [9]. 
B. Second Experiment 
 The mix design of mortar for the second experimental work 
is presented in Table II and Table III. As presented in the tables, 
the specimen label has been changed by adding a letter ‘S’ at the 
end which means ‘Silica’. The mortar compositions; MTRS-1, 
MTRS-2, MTRS-3 and MTRS-4 were compared to a control 
(CTRS) specimens. 
 
TABLE II. PERCENTAGE AND WEIGHT OF SILICA FUME AS A 
PARTIAL REPLACEMENT OF CEMENT 
Mortar 
Category 
Percentage 
of silica 
fume to 
cement (%) 
Weight 
of Silica 
fume  
(g) 
Weight of 
cement 
(g) 
Percentage of 
silica fume to 
mortar mix 
design (%) 
CTRS 0 0 600 0 
MTRS-1 3 18 582 0.9 
MTRS-2 5 30 570 1.5 
MTRS-3 7 42 558 2.1 
MTRS-4 10 60 540 3 
 
TABLE III. MORTAR MIX DESIG OF THE SECOND EXPERIMENTAL 
WORK 
Mortar 
Category 
Weight of material (gr) 
Cement  
(g) 
Silica fume  
(g) 
Sand 
(g) 
CTRS 600 0 1400 
MTRS-1 582 18 1400 
MTRS-2 570 30 1400 
MTRS-3 558 42 1400 
MTRS-4 540 60 1400 
 
 
 
Fig.3. Results of the second experiment 
Fig. 3 shows the results of experiment in the second stage. 
As mentioned previously, the second experiment was designed to 
investigate whether replacing some amount of cement with silica 
fume improves mortar properties or not. As it can be noticed in 
Fig. 3 (A), the average compressive strength of mortar with 
partially replacement of cement content with silica fume is 40.41 
MPa (MTRS-1), 42.33 MPa (MTRS-2), 43.25 MPa (MTRS-3) and 
45.1 MPa (MTRS-4). The range of improvement is only around 
1% to 13%, which is much less compared to the results of the first 
experiment.  Replacing cement with silica fume to about 10% 
increases the compressive strength by 12.84%. In addition, the 
replacement of 3%, 5% and 7% cement with silica fume improves 
the compressive strength by 1.1%, 5.9% and 8.2%, respectively. 
Overall, the results indicated that the further replacement of 
cement with silica fume may not provide significant improvement 
in compressive strength, especially when cost and 
workmanshipare taken into account. 
 A significant improvement provided by the partial 
replacement of cement content with silica fume might be seen 
through the water absorption parameter, as presented in Fig. 
3(B). The reduction of water absorption ranges from 18.3% to a 
maximum of 35% for the replacement of cement by 10% silica 
fume, which is considered as significant. Meanwhile, the PH 
value seems not significantly affected by the replacement 
treatment. As seen in Fig. 3(C), the PH value for all specimen 
groups only differ slightly, where the PH value of CTRS is 11.2 
and 10.9 for the highest silica fume content (MTRS-4). However, 
the pattern remains constant to decrease as the percentage of 
silica fume increased. 
4. CONCLUSIONS 
The study has proved that the cement content plays an 
important role in the quality of mortar. The increasing of cement 
content by 10%, from a normal mixes of 20:80 to 30:70, has 
considerably improved the compressive strength of mortar by
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around 340%. Although the cement content was also increased to 
35:65 and resulted in further improvement by approximately 
365%, the optimum mixes remains the mortar with the proportion 
of cement/sand of 30:70. The selected mixes also significantly 
reduced the water absorption by around 65%. The study has also 
confirmed that further treatment by partially replacing cement 
content with silica fume up to 10% to the selected mixes only 
improves the compressive strength by approximately 13%. The 
further treatment has, however, significantly reduced the water 
absorption up to 35%. The PH value seems not significantly 
affected by both treatments as the first experiment only increases 
the PH value by around 6% and further treatment in the second 
experiment decreases the PH value by a maximum value 2.5%.  
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Abstract: Effect of the use of two types of sand for surface coating of plastic coarse aggregate to compressive strength of concrete is 
studied. Plastic coarse aggregate are made from polypropylene (PP) plastic waste where the plastic waste are shredded with a 
maximum size of 16 mm, and then formed to resemble natural aggregate by using plastic injection machine. Sand used for coating 
aggregate are Cimangkok river sand and Magelang volcanic sand. Fine aggregate is Cimangkok sand while the same Portland 
Composite Cement and water are used for the concrete making. Two water-cement ratios 0.3 and 0.42 are employed in the study 
where superplasticizer is used for the smaller water cement ratio. Compressive strength of concrete containing plastic aggregate 
coated with sand resulted from compression test on concrete cylinders having a diameter of 15 cm and a height of 30 cm. The results 
show that the concrete specimens containing plastic aggregate coated with Magelang volcanic sand, has the tendency to have higher 
compressive strength when compared to those of concrete specimens using plastic aggregate coated with Cimangkok river sand. 
Keywords:  Magelang, Cimangkok, sand, plastic aggregate, compressive strength, plastic waste, coating, Polypropylene 
 
 
1. INTRODUCTION 
In general plastic products used in the community such as 
food and beverage packaging have several advantages and 
disadvantages. When comparing to other materials such as metal 
and wood, plastic is lighter in mass, easy to form, cheaper and 
relatively slow to physical alteration due to weather. However it 
produces waste as micro organism in soil could not decompose 
them and is considered as non bio-degradable material. 
According to Ermawati [1], effort to reduce plastic waste is by 
creating new products from the plastic waste itself that gives 
benefit to the people in their future life. It is chosen as recycling is 
considered less efficient to remedy plastic waste problems. It is 
accumulated as not all types of plastic waste can be recycled in 
view of low material quality.   
Waste plastic addition to concrete materials is one of the ways 
to have light weight concrete material.  This effort can be 
considered as new research perspective in integrating concrete 
technology and environmental issues. Several recent studies are 
done to evaluate properties of concrete containing different types 
of plastic waste as aggregate or filler, or fiber.   Polypropylene 
[2][3], polyethylene terepthalate [4][5][6] used mainly as fibers in 
concrete materials are examples of the use of plastic waste in 
concrete in order to have better strength against tension. 
 On the other side, plastic waste can be used also as 
aggregate in concrete. The plastic aggregate are made from 
different type of plastic such as high density polyethylene [7][8], 
low density polyethylene [7], polyethylene terepthalate [9][10][11], 
polyvinil chloride [12], polypropylene [7] and electronic devices 
waste/e-waste [13]. One of the benefit in using plastic waste as 
one of the material in concrete is to reduce quantity of garbage in 
garbage dump sites [14]. Subsequently it gives benefit in 
economy and ecology point of view [15]. 
Concrete containing plastic aggregate tends to have lower 
compressive strength when compared to those with natural 
aggregate. According to Saikia dan Brito [15], this strength 
reduction are caused by (a) low bond strength between plastic 
aggregate surface and cement paste, (b) plastic characteristic 
which is unable to absorb water, hampering cement hydration 
reaction as there is limitation of water movement. Choi et al [10] 
have improved the interface characteristic between plastic 
aggregate and cement paste by slag (GBFS) addition in plastic 
aggregate material which in turn strengthens the surface of plastic 
aggregate as GBFS reacts with calcium hydroxide.  
This study is part of the development of light weight concrete 
using plastic waste as coarse aggregate. Plastic waste is chosen 
as it is low in density and easy to get because of community big 
consumption in plastic material.  
The use of plastic aggregate in concrete material could reduce 
concrete own weight as it can occupy 60% - 80% volume of 
concrete. The role of construction material own weight is 
significant in earthquake event. Response of structure facing to 
earthquake will depend very much of the own weight of the 
structure itself as bigger inertial force will result from heavier own 
weight of the structure. Lightweight concrete made from light 
weight aggregate is one of the alternatives to resolve own weight 
problem of the structure [16].  Although it resolves one of major 
problem in structural design, some of the drawbacks in strength 
should be also considered. In this study, one of the drawbacks in 
compressive strength of concrete containing uncoated plastic 
coarse aggregate is tried to overcome with two types of sand 
coating to the whole surface of the plastic coarse aggregate. 
Experimental approach is conducted to concrete containing 
different combination of proportion between natural and plastic 
coarse aggregate.    
 
2. EXPERIMENTAL DETAILS 
A. Material  
 Portland Cement Composite is used to satisfy Indonesian 
Standard (SNI 15-7064-2004) and European Standard (EN 197-
1:2000 (42.5 N & 42.5 R). 
Sand from Cimangkok at West Java, Indonesia is used as fine 
aggregate. Size of the fine aggregate is less than 9.5 mm while 
specific gravity and fineness modulus of the fine aggregate where 
found to be 2.33 and 2.63 respectively. The percentage of 
passing is within the limits as per SNI 03-2834-2000. The coarse 
aggregate is made from waste of Polypropylene (PP) plastic. 
Figure 1 shows the shapes of uncoated plastic aggregate. The 
uncoated aggregate shape is equal to the plastic aggregate 
developed by Pamudji,G et al [7]. The aggregate has generally 10 
mm of thickness and, 20 mm of length and 20 mm of width. 
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Plastic aggregate is formed by heating the plastic up to the 
melting point, then flowed into the mold by hydraulic pressure. 
The process itself is conducted using manual injection plastic 
machine with automatic temperature control. The plastic melting 
temperature is in range of 1300C ± 100C. After the formation, the 
plastic aggregate were then cooled. Once the uncoated coarse 
aggregate is formed, then it is coated with hot sand by placing the 
uncoated plastic aggregate into a rotating cylinder. Merapi or 
Magelang Volcanic Sand and Cimangkok Sand are used for 
coating purposes. The final shape of plastic aggregate coated 
with sand is shown in Figure 2. It is intended to improve bonding 
at the interface between coarse aggregate and cement paste. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Shape of uncoated plastic aggregate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Plastic aggregate coated with sand 
  
B. Mix Proportion of Concrete 
 Proportion of materials is determined using mix design 
method that is based on absolute volume. From trial mixes, it is 
obtained series of material mix proportion of concrete containing 
plastic aggregate, denoted by M type of mix proportion. Water to 
cement ratio (W/C) used are 0.3 and 0.42 as presented in Table 
1. Superplasticizer (SP) is used to have better workability in 
mixing the materials for M1 to M5 proportion. 
 
 
 
 
 
 
 
 
 
 
TABLE I.  CONCRETE MIX PROPORTION 
Type W/C Cement (kg) 
Sand 
(kg) 
Natural 
Coars
e Aggr 
Plastic 
Aggr. 
(kg) 
Water 
(kg) 
 SP 
(kg) 
M1 0.3 500 738 0 677 150 7 
M2 0.3 500 738 97 508 150 7 
M3 0.3 500 738 194 338 150 7 
M4 0.3 500 738 291 169 150 7 
M5 0.3 500 738 388 0 150 7 
M6 0.42 468 657 986 0 195 0 
M7 0.42 468 657 141 739 195 0 
M8 0.42 468 657 283 493 195 0 
M9 0.42 468 657 424 246 195 0 
M10 0.42 468 657 566 0 195 0 
 
C. RESULTS AND DISCUSSION 
A. Properties of Material [18] 
Observation of physical properties of sand from Merapi and 
Cimangkok was conducted on density, water absorption, granular 
gradation, and fineness modulus. Test result of the physical 
properties of the sand is presented in Table 2.  
TABLE 2. PHYSICAL PROPERTIES OF SAND 
Physical characteristic Sand 
Cimangkok Merapi 
Specific gravity (g/cm3)   
•Apparent 2.44 2.74 
•Bulk 2.26 2.68 
•SSD 2.33 2.70 
Absorption (%) 3.31 2.81 
Density  1.39 1.45 
Fineness Modulus (FM)  2.63 3.44 
 
While gradation of fine aggregate grains are shown in Figures 
3 and 4. 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Graph of Cimangkok sand gradation 
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Fig. 4. Graph of Merapi sand gradation 
 
The gradation of both type of sand are within the envelope limits. 
At low percentage passing both sand behave similarly but  
gradually  as  the  percentage  passing  grows  Merapi  sand 
tends to near the left envelope while that of Cimangkok near the 
right envelope. Specific gravity of Merapi Sand is higher than that 
of Cimangkok Sand.  
 
TABLE 3. PROPERTIES OF UNCOATED PLASTIC AGGREGATE 
 
 
Observation of physical properties of uncoated plastic 
aggregate was conducted on density, bulk density and water 
absorption. The test result of physical properties of uncoated 
plastic aggregates is presented in Table 3. Its absorption is very 
small in percentage. 
B. Density of concrete 
The plastic aggregate coated with Merapi and Cimangkok sand is 
referred to aggregate plastic coating (APC). The observed density 
of hard concrete with W/C of  using 100% plastic aggregate 
content for both types of sand is around 1800 kg/m3 as shown in 
Figure 5. A slight different of density is shown by both types of 
concrete where density of concrete using plastic aggregate 
coated with Cimangkok Sand is 1764 kg/m3 while that of with 
Merapi Sand is 1740 kg/m3. The value of both densities are 
within the structural concrete classification based on ACI 213-87 
 
 
 
 
 
Fig.5. Density of concrete 
C. Compressive strength of concrete 
Lightweight concrete is made with plastic coarse 
aggregate replacing natural aggregate of 0%, 25%, 50% and 
100%. The effect of coarse aggregate where its plastic surface is 
coated with two kind of sand (aggregate plastic coating-APC), to 
the compressive strength of concrete is studied by compression 
test to 28 days aged concrete cylinder with a diameter of 15 cm 
and a height of 30 cm. Results of testing shows that the 
compressive strength of concrete decrease with increasing 
content of plastic coarse aggregate.  
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Graphic of concrete compressive strength as function of plastic 
aggregate content and water to cement ratio 
As function of plastic aggregate content, concrete using plastic 
aggregate coated with Merapi sand aggregate generally behaves 
slightly better in compressive strength than that of using plastic 
aggregate cotaed with Cimangkok sand, as shown in Figure 6. 
On the contrary as plastic aggregate content reach 100%, 
concrete using plastic aggregate coated with Cimangkok Sand 
shows slightly better compressive strength.  As Cimangkok Sand 
physical properties are generally inferior than that of Merapi 
Sand, except for the absorption property, it might be the cause of 
the inversing of the compression strength when using 100% 
content of plastic aggregate. In addition, the concrete density 
could also play role in this case as the density of concrete with 
Cimangkok sand coated plastic coarse aggregate is slightly 
higher. For both types of sand, lightweight concrete using 100% 
content of sand coated plastic aggregate with water cement ratio 
(W/C) 0.3 have compressive strength of more than 17.42 MPa. 
Thus the lightweight concrete using both types of studied APC 
with W/C of 0.3 are in the classification of the structural strength 
lightweight concrete according to ACI 213-87. However for 
Characteristic of 
physic Plastic aggregate 
Specific gravity (g/cm3)  
x Apparent 1.13 
x Bulk 1.07 
x SSD 1.12 
Absorption (%) 0.05 
Density  0.70 
Fineness Modulus (FM)  4.45 
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concrete with W/C of 0.42, it is valid only for low percentage of 
plastic coarse aggregate content.   
D. CONCLUSIVE REMARKS 
Two types of sand coating to the surface of the plastic coarse 
aggregate has been studied its effect to the concrete compressive 
strength by means of experimental approach. The testing shows 
that the compressive strength of two different water to cement 
ratios of concrete, decrease with increasing content of plastic 
coarse aggregate. Both type of sand coating shows no dominant 
effect to the compressive strength as long as the physical 
properties of sand used for coating are not significantly different. 
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Analysis of Transport Sedimentation in Settling Basin 
Weir in Watervang Lubuk Linggau  
Okma Yendri, Djugondo Siswodjo 
.Dosen Prodi Teknik Sipil Fakultas Teknik Universitas Musi Rawas,Indonesia 
Abstract: Watervang irrigation weir located in Lubuk Linggau, on building setling basin is very important to perform the sediment 
storage capacity in order to know how the door should be opened for the performance dewatering sludge bags can be operated with 
optimal since many other dam building mud pockets can not operate optimally . 
Where the river area there are many branches of trees and erosion is common with this it will cause pockets of sludge can not function 
optimally. The purpose of this research is to calculate the volume of the sludge bag, flow velocity and analyze the drain opening doors 
in irrigated areas Watervang weir, while the method used in calculating the volume of sludge bag that is using Meyer-Peter-Muller.  
From the research results obtained for the results of the flow velocity of 8.31 m3 / sec, while a large volume of sediment in the mud 
pockets of 0,00422594 m3 / sec. With a flow rate that has been calculated and the large volume obtained it can be concluded that the 
drain opening of the doors can be made one week once so that the bag can work with optimal. 
Keywords: Weir, Mud bag Sediment, Bed load.       1 
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1. INTRODUCTION 
  Making history Watervang dam was built in 1941 by the 
Dutch colonial government in an area of 8,000 hectares, and until 
now the irrigation area Kelingi Tugumulyo with the ability to 
irrigate 10,000 ha. 
 This dam was established to regulate the water flow Kelingi 
River, the river that divides Lubuklinggau that in ancient times the 
artery of the economy. Watervang into primary irrigation dam that 
irrigates thousands of hectares of rice paddies and fish ponds 
belonging to thousands of farming families. 
The nature of the river in Indonesia is generally carries 
sediments, both sediments (bed load) and suspended sediment 
(suspended load). 
 Sedimentation process can have a positive impact because 
it increases soil fertility and open a new claim area towards the 
river downstream. But the losses incurred this sedimentation far 
outweigh the benefits (Hanwar Suhendrik 2007-h.6). 
 Pockets weir Watervang have mud that serves as the 
building where sediment deposition but the mud bag dam does 
not function optimally it is due to sediments that enter the area 
cathcment and also entered the former branches of trees. Then 
causes pockets mud could not function properly due to the 
amount of sediment deposited on the mud pockets. The purpose 
of this study was to determine the rate of sediment, calculate the 
volume of sediment and counting and analyzing operations to 
improve performance door dewatering sludge pockets. 
2. LITERATURE 
2.1 Definition of Transportation Sedimentation 
 Sediment transport is one of the natural phenomenon that is 
often encountered in a wide variety of open drains, natural 
streams and reservoirs (NSPM Kimpraswil 2002-h.20). The 
factors that affect sediment transport is the flow properties, the 
properties of the sediment, and the mutual influence between the 
two. 
 The shape and size of the sediment particles, affect the 
average speed of the flow when the particles move in the bottom 
line, affecting the speed falls (fall velocity) and transport 
sediments (bed load transport), as well as grain flat has a speed 
creeping smaller and more difficult to be transported rather than 
spherical granules. 
 Basic charge (bed load) is a particle moving on the river 
bottom by rolling, sliding and jumping. Basic charge situation is 
always in motion, and therefore in the whole flow of the river is 
always a process of degradation and agradasi called "basic 
alteration of the river" (Saud Ismail, 2008-h.10). 
 Free fall (fall velocity) or velocity sedimentation (silting 
velocity), the speed of achievement of the particles to the bottom 
of the pond stagnant water, which is directly related to the 
condition of the relative flow between the particles of sediment 
and water during conditions of movement of sediment, sediment 
transport and deposition (Standard Planning irrigation KP-02, 
1986). 
 According Asdak (2010-h.30) sediment transport speed is 
the result of multiplying the weight of the particles of an object (in 
this case is the sediment particles) with an average speed of the 
particle. By the transport of sediment from the higher ground to 
the downstream areas can cause siltation of reservoirs, rivers, 
irrigation channels, and the establishment of new lands at the 
edges and in the river deltas. 
 
2.2 Definition of Sediment  
According to Lutfi (2012-h.23) Sediment can be interpreted by 
some opinions, namely: 
a. Pipkin (1977) states that: 
Sediments are fractions, mineral or organic material that 
ditransporkan from various sources and deposited by the 
medium of air, wind, ice, or water and also includes material 
that is deposited on the material that is floating in the water. 
b. Pettijohn (1975) defines: 
Sedimentation as the process of sediment or sedimentary 
rocks caused by the deposition of the material forming or 
origin at a place called the depositional environments such 
as rivers, estuaries, lakes, deltas, estuaries, marine shallow 
to the deep sea. 
c. Gross (1990) defines: 
Marine sediments as the accumulation of minerals and rock 
fragments mixed with crushed shells and bones from marine 
organisms as well as some other particles that are formed 
through deposition processes that occur at sea. 
 
According Asdak (2010-H.5) sediments is the result of the 
erosion process, either in the form of surface erosion, gully 
erosion, or other types of soil erosion. Sediment generally settles 
at the bottom of the foot of the hill, in the area of flood inundation, 
waterways, rivers, and reservoirs. 
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Sediments are often encountered in the river, either soluble 
or insoluble, is a product of weathering of host rock that is 
influenced by environmental factors, especially climate change. 
By the influence of the kinetic energy of rainfall and surface water 
flow (for the case in the tropics), soil particles can be chipped and 
transported to a lower place and then into the river and is known 
as sediment. 
According Asdak (2010-p18) Based on sediment type and 
size of the soil particles and mineral composition of the parent 
material, composed, various types of sediments such as sand, 
clay, and so forth. Depending on the particle size, the sediment is 
found dissolved in the river or the so-called sediment load 
(suspended sediment) and creeping on the river bottom or 
sediment load as creeping (bed load). According to its size, the 
sediment can be divided into: 
 
Table 2.1 Sediment Size 
sediment type Particle Size (mm) 
Clay  
Dust  
Sand  
Large Sand  
< 0,0039  
0,0039-0,0625  
0,0625-2,0  
2,0-64,0  
(Source: Asdak (2010) 
 
2.3 Pockets Lumpur 
Building pockets mud is complementary buildings or parts of 
the main building that serves to circumvent the basic sediment 
transport and overpasses especially sand fraction and larger from 
entering the irrigation network. Buildings are built of mud pockets 
in the downstream building taker (intake) before entering the main 
canal. 
The particles are finer in river transport in the form of 
suspended sediment and spread evenly throughout the depth of 
the stream. Increasingly large and heavy particles are 
transported, the particles are concentrated to the bottom of the 
river, the largest materials transported as sediments. 
The network is planned to make the sediment transport 
capacity constant or increasing in the downstream direction. In 
other words, sediment entering the sewer network will be 
transported through the network to the rice fields. 
In connection with the planning of mud bag, this means that 
the sediment transport capacity at the beginning of the primary 
channels is important for particle size to be deposited. These 
particles are usually sequences retrieved from 0.06 to 0.07 mm in 
order to reduce the slope of the primary channels (Standard 
Planning Irrigation KP-02, 1986-p15). 
When the slope of the primary channel and network 
transport kapasitias direncana rest may be larger, it does not 
need to increase the minimum size of the particles to be 
deposited. Generally, this will result in pockets of mud cheaper, 
because it can be made shorter. As for the method of calculating 
the pockets of sludge using the following method: 
 
Meyer-Peter-Muller (M.P.M) 
ݏ ൌ
ͺ ξܦଷݔο݃ ఓ௛௜ο஽ ൛ͲǤͲͶ͹
ଷ ଶΤ ൟ........................................................(2.1) 
Where :  
S     = sediment transport rate m3/det/m1 
D    = diameter of the average grain material 
' ൌ U௔ିU௪U௪
 
Uݏ   = specific density of the material (sand) 
U௪   = specific density of water 
g     =  acceleration of gravity 
P     =  ripplefactor = ቀ஼ହ଴஼ଽ଴ቁ
ଷ ଶΤ
 
C50   =  Chezy coefficient calculation based grain diameter d50 
C90   =  Chezy coefficient calculation based grain diameter d90 
h     =  the depth of water 
i      =  the slope of the energy line 
 
 
2.4.Erythrocyte sedimentation velocity at Pockets Lumpur. 
According to Ritonga, A (2011-h.10) In these formulas, 
determining the erythrocyte sedimentation rate is very important 
because they affect the dimensions of bags of mud. There are 
two methods that can be used to determine the speed of 
sedimentation are: 
a. Measurement place, ie sedimentation velocity 
measurements on samples taken from the river is the 
most accurate method when executed by experienced 
personnel. In this method of analysis tube precipitator 
(settling tube) to the sample of water taken from the pitch. 
b. In the second method, used graphs Shields for 
sedimentation velocity for individual particles (discrete 
particles) in calm water. Velikanov formula using a 
correction factor to compensate for the use of the prices of 
these stealthy pace. 
 
2.5 Volume Bin 
Bin sediment outside (below) cross-section of the free water 
can have several forms. Volume reservoirs depends on the 
amount of sediment (bottom sediment and sediment drift) to be 
deposited to arrive when flushing. 
As a rough estimate that still must be checked for accuracy, 
the amount of material in the inflows to be deposited is 0.5 m. 
Depth bin bags of mud swept typically about 1.0 m for small 
networks (up to 10 m3 / s), up to 2.50 m for the channel is very 
large (100 m3 / s). 
According to Nippon Koei in Design Report of Modification 
Design Work for Rehabilitation for Snake River Flood Control and 
Improvement of Irrigation Project (TOR-3) Volume VI Main 
Report, to calculate the estimated volume of the pitcher and the 
volume available to the settling basin to precipitate the sediment 
is as follows : 
Volume Bin needed 
ܳݎ=86.400 
ܳ/݊×ܴݏ×ܴܿ×ܨ݅..........................................................................(2.2) 
Where : 
Qr  = Volume needed to bag sludge (m3) 
Q = Debit scheme (m3 / s) 
n    = number of lanes 
Rs = Ratio of material floating / suspended (0.01%) 
Rc = The content of the charge floating particles with a size of 0.2 
mm (95%) 
Fi = Interval flushing (2 days). 
 
2.6. Rain 
Rain is the source of all the water flowing into the river 
and in the storage both above and below ground. The number 
and variation of river discharge depends on the amount, intensity 
and distribution of rainfall (Bambang Triatmodjo 2010-h.21). 
 
2.7 Type - Type of Rain 
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2.7.1 Convective Rain 
 In the tropics during the dry season the air near the ground 
is warming intensive. The heating causes the air density is 
reduced, so that the moist air rises up and cools, causing 
condensation and rain. Rain that occurs due to this process 
called convective precipitation, which usually is local, has a high 
intensity and short duration. 
2.7.2 Rain cyclonic. 
If the mass of hot air that is relatively mild met with a cold air 
mass is relatively heavy, the hot air will be moving over the cold 
air. The air that moves up the cooling resulting in condensation 
and form clouds and rain. Rain that occurs is called cyclonic rain, 
which has the properties are not too heavy and lasted for much 
longer. 
2.7.3 Rain orographic. 
Moist air and the wind blowing across the mountain areas 
will rise and cools, forming clouds and rain. Side of the mountain 
through which the air is getting a lot of rain and called the slopes 
of rainfall, while the back side through which the dry air (moisture 
had been raining on the slopes of the rain) is called the rain 
shadow slope. 
This rain occurs in mountainous areas (upstream), and is a 
supplier of ground water, lakes, dams and rivers. Of the three 
types of rain on top, a lot happens in Indonesia is the convective 
and orographic rain. 
Table 2.2 is a state of rainfall and rainfall intensity 
(Bambang Triatmodjo 2010-h.205). The table shows that rainfall 
has not increased in proportion to time. If a longer duration, the 
increased rainfall is smaller than with the addition of time, 
because the rain can be reduced or stopped. 
Table 2.2 Circumstances rain and rain intensity 
The Rain The rain intensity (mm) 
1 hour 24 hour 
Very light rain 
Light rain 
     normal rainfall 
     Heavy rain 
     Rain cats and 
dogs 
< 1 
               1 – 5 
5 – 10 
 10 – 20 
>  20 
< 5 
5 – 20 
20 – 50 
 50 – 100 
.> 100 
(Source: Applied Hydrology, Types of Rain, Bambang Triatmodjo) 
2.9. Analysis of Rainfall Data 
In determining the rainfall data from a recorder or a 
graduated just obtained precipitation at a certain point (point 
rainfall). To get the price of rainfall the area can be calculated by 
several methods: 
2.9.1.Distribusi Gambel. 
2.9.2.Distribusi Log Person Type III. 
2.10. Debit Flood Plan 
Flood discharge plan is the maximum flow of a river, or 
channel that magnitude based specific return period, with the 
method: 
2.10.1.Method Hasper. 
2.10.2.Method Melchior. 
2.11. Understanding Irrigation. 
Direct irrigation purposes is to moisten the soil in order to 
achieve a good soil conditions for plant growth in relation to the 
percentage content of water and air between soil grains. The 
supply of water can also have a purpose as carrier materials 
fertilizer for soil improvement. Indirectly, the water supply can 
also support agricultural enterprises through various ways: 
a. Set the temperature of the soil, for example in a region 
that has the soil temperature is too high and not suitable 
for the growth of plants, the soil temperature can be 
adjusted by flowing water which aims degrading soil 
temperature. 
b. Cleaning the soil, carried out on barren ground due to the 
existence of elements in the soil. One attempt for example 
waterlogging in the fields to dissolve the harmful elements 
are then puddle flowed into exile. 
c. Eradicate pests, for example by pengenangan then be 
soaked rat burrows and rat out, more easily killed. 
d. Enhancing the ground water level, for example by 
permeation through the channel wall surface of ground 
water may be enhanced and allows plants to take up 
water through the roots even though the ground was not 
dampened. 
d. Cleaning the waste water of the city, for example, by the 
principle of dilution due to the dirty water without dilution of 
the city will affect very bad for the growth of plants. 
e. Kolmatasi, namely hoarding low lands with roads muddy 
water flow and silt due to low soil becomes high enough 
so that the inundation happened next is not too in turn 
allow for agricultural businesses. 
 
3.METODOLOGI RESEARCH 
3.1 Place and Time Research 
3.1.1 Research Sites. 
Place of execution of the research conducted at the Weirs 
Watervang precisely in Lubuklinggau, South Sumatra Province 
located at the position between 102 º 40 '0 "- 103 ° 0' 0" longitude 
east and 3 ° 4 '10 "- 3 º 22' 30" latitude southern directly adjacent 
to the Rejang Lebong regency of Bengkulu province. 
3.1.2 Time Research 
For a time in the study of this thesis is for 3 months, where 
the study started on December 24, 2014 until March 24, 2015. 
3.2 Flowchart Implementation Research. 
To simplify the process of research first to make a flow chart 
of the study as shown in Figure 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Flowchart 
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3.3 Research Methods 
3.3.1 Study Library 
A literature study by collecting data from relevant 
institutions, study book, a collection of journals or other literature 
relating to the title of the discussion is needed as a reference. 
a. Primary data. 
Primary data is data obtained from observations (observation). 
Where observation saw firsthand the daily life of the object of 
study (Weir Watervang). Field observations aims to get the facts 
from the study area as well as to complete the data can not be 
obtained from the documents, literature. Field observations 
performed with image documentation in the field to reinforce the 
facts discovered and making important notes that must be written 
after observing the situation and events in the study area. The 
primary data consists of: 
1.Know the dimensions of the channel on a bag of mud. 
2. Knowing the volume of sediment that has been deposited in 
the pockets of mud. 
b. Secondary Data. 
Secondary data is data that is not straight, but has been linked 
functionality and usability with one aspect of support for the 
validity of a study. Secondary data sources or written references 
related to the research problem. Secondary data in this study is 
the collection of all data that will be used in the analysis of data 
from various sources of literature against some books, and a 
collection of journals as well as obtain data from relevant 
agencies. As for the secondary data comprises: 
1. Map Location Research. 
Based on the study site maps can determine at which point the 
location of the Barricade Watervang Lubuk Linggau. Source map 
the location of this research can be from the KDP Irrigation and 
Swamp II Central River Region South Sumatra VIII Lubuklinggau. 
2. Data Debit Flood. 
By knowing the discharge data we can find out how the existing 
flood discharge. This data can be from the KDP Irrigation and 
Swamp II Central River Region South Sumatra VIII Lubuklinggau. 
3. Data Rainfall. 
Data obtained from Swamp Irrigation KDP II Central River Region 
South Sumatra VIII Lubuklinggau and Agricultural Extension 
Center Musi Rawas. Rainfall data is used for the analysis of 
hydrological 
4. Figure weirs and Pockets Lumpur. 
This data is used to determine the location to be examined. This 
data was obtained from the CO Irrigation and Swamp II Central 
River Region South Sumatra VIII Lubuklinggau. Based on an 
existing image watervang weir has bags of mud with a width of 
9.8 m and a length of 260 m. 
3.3.2 Data Processing Method. 
a. Calculating rainfall. 
Processing of rainfall using Gumbel and Log Pearson Type III. 
b. Counting the bag mud. 
Bag processing sludge using Meyer-Peter-Muller. 
c. Calculate the flow rate 
Measurement of flow velocity were calculated using a float or 
using a current meter. The propeller-shaped device connected to 
the recorder box (monitoring devices that will record the number 
of revolutions of water during the propellers are in the water), 
then put into the river to be measured velocities. 
3.3.3 Research Tools. 
a.Roll meter is used to measure the depth of the channel. 
b. The stopwatch is used to calculate the time required. 
c. Current meters are used as a measure of the flow rate of water 
d. Calculator
e. Stationary 
f. Computer. 
 
3.4 Implementation Research 
Phase of the research to be conducted as follows: 
a. Literature review 
Read literature such as books, papers, papers and theses 
relating directly to the object to be observed in the field. 
b. survey Introduction 
Preliminary survey is a survey on a small-scale survey carried out 
before major or field surveys. Surveys conducted in this study is 
the determination of research location. 
c. Field survey 
Direct observations in the field on the flow rate and volume of 
sediment deposited in bags of mud. 
 
4.DISCUSSION 
4.1 Sieve Analysis of Fine Aggregate 
The sediment samples have been taken from the study site in the 
form of fine aggregate will then be examined in a laboratory for 
analysis sieve. Examination / analysis in the laboratory aims to 
determine the sediment grain size and density of sediments. 
After sieving, the data processing is done to get a graph the 
relationship between the size of the filter and the cumulative 
percentage. Data sieving of bed load sediment that settles in the 
pockets of mud at the weir Watervang. 
Table 4.1 Data Sieve Analysis of Fine Aggregate 
 
Based on the results of sieve analysis at the laboratory found that 
the total weight is 1488 grams left. Where the initial weight before 
sieving samples tested which is 1800 grams, meaning that grain 
fineness modulus is obtained for 2.688 grams. To be able to more 
clearly we can see in Figure 4.1. 
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Based on Figure 4.1 it can be concluded that the weight 
restrained overall total of 85 grams and the percentage retained 
by 1488. Where the initial weight before sieving samples used in 
the amount of 1800 grams. 
4.2 Flow Speed. 
The results of these measurements can be seen in Table 4.2. 
 
 
From the results of field measurements, obtained water speed 
data channel mud pockets. Water velocity measurements made 
on the base and the end of the line, especially on door drain by 
using a current meter. The flow velocity measurements performed 
at 3 points in each respective channel mud pockets. 
Measurements were taken at line 3 openings where high water is 
0.20-0.80. 
Based on the results of measurements of the bag channel mud in 
Table 4.2, the data of the calculation can be seen in Appendix 2. 
The results of the water velocity calculation in Appendix 2 that the 
results of this study showed the average to channel the mud bag 
with an elevation of 90.28 and a depth of 88.95 on each of the 
openings of high water, in order to get the overall Q is 8 m3 / sec. 
 
4.3 Analysis of Rainfall. 
Step-by-step calculation of frequency analysis are: 
 
4.3.1 Distribution Gumbel 
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The average maximum daily rainfall approximated using data on 
rainfall taken from Tugumulyo station located in Musi Rawas. 
Rain designs using various return period determined by 
frequency analysis of maximum precipitation to determine the 
type of distribution that can represent the distribution of maximum 
daily rainfall data. 
 
4.3.2 Distribusi Log Pearson Type III 
 
Based on the results of the calculations in Table 4.4 using the 
Log Pearson Type III, then the rainfall data taken from Tugumulyo 
station where the data took precipitation during the last 24 years 
from the year 1991 to 2014 to get the average maximum rainfall 
of 2.08 mm / day. 
4.4 The bags Lumpur. 
According to the Irrigation Planning Standards KP-02 (1986) 
building mud bag has a capacity of sediment transport at the start 
line of the primary channel is usually 0.06 to 0.07 mm particle 
size is taken to minimize the slope of the primary channel. The 
main factors that affect the building pockets of mud that is a slope 
on the primary channel and network transport capacity should be 
planned larger. 
 
4.5 Volume Bin needed. 
Volume reservoirs depends on the amount of sediment to be 
deposited in the pockets of good mud bottom sediment and 
sediment drift. Before performing calculations on the storage 
volume required in the mud bag should we know in advance the 
range of sediment entering. 
For the depth of sediment at the ends of the bag bin sludge is 
usually about 1.0 m for small networks (10 m3 / s) to 2.50 m for 
the channel is very large (100 m3 / s). 
4.6 Analysis of dewatering Door. 
From calculations that have been in if it can be analyzed that for a 
bag of mud with a width of 9.8 meters is 0.00422594 m3 / sec 
with an average flow rate of 8 m / sec. Based on these results, 
the calculation volume that can be accommodated bag 
Watervang mud dam. 
 
5.CONCLUSION AND SUGGESTIONS. 
5.1 Conclusion. 
Based on the research results through data analysis it can be 
concluded as follows: 
a. To speed the flow of water in the sludge bag with 
research conducted by three points with 30 seconds 
provisions that a debit of 8.31 m / s. 
b. The amount of sediment in the mud at the weir 
Watervang bag that is equal to 0.00422594 m3 / sec. 
c. From the analysis of the mud pockets and flow rate, it 
can be analyzed that the door sludge dewatering of the 
pouch is opened 7 days. 
5.2 Suggestions. 
a. The studies should be done in a sustainable / 
continuous in analyzing the volume of sediments in the 
mud bag dam Watervang that can be known 
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developments in the pockets of mud sediment weir 
Watervang. 
b. It is expected to conduct research on the measurement 
of high sediment using less than one year in order to 
achieve maximum results. 
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Abstract: This study aims at assessing the adequacy of infrastructure of the selected province at Sumatera. Indonesia. The study 
involved 106 civil engineers working in various backgrounds and professions as participants and it released the recent grades for 
various infrastructures in the Sumatera Corridor, including the regional’s roads and bridges, transits, railways, clean water systems, 
energy, tourism, dam and irrigations, and other critical facilities. The study adopted both ASCE and Australia infrastructure report card 
methodology. Selected provinces under the study were: Aceh, North Sumatera, Western Sumatera, Riau Archipelago, Jambi, 
Bengkulu, Southern Sumatera, Lampung, and Bangka Belitung. A cumulative grade of an average of “D-” was identified in this study. 
A grade D- means that the infrastructure in the system or network is in not adequate; it shows general signs of deterioration and 
requires attention. Some elements exhibit significant deficiencies in conditions and functionality, with increasing vulnerability to risk. 
This study provides a great deal of information on the impact of inadequate infrastructure, and also focuses on ways the selected 
provinces at Sumatera can begin addressing these critical deficiencies. 
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1. INTRODUCTION 
United States, ASCE had published three reports and a 
number of infrastructure resent status data since 1998, so the 
potential to provide solutions and improvement of infrastructure in 
the future. The infrastructure report has been cited by many 
writings and academic studies, and government officials and 
politicians would utilize the report for taking policies. So had 
occurred in Australia since 2001. They began using the model of 
the United States to make an assessment of the infrastructure in 
Australia [1] [2] [3]. Physical and social infrastructure is defined 
as a basic necessity of organizing a system of physical structures 
necessary to guarantee the public sector of the economy and the 
private sector as the services and facilities necessary for the 
economy to function better. See Sullivan and Sheffrin [5] and the 
Oxford Dictionary [4] , This term generally refers to things 
technical infrastructure or physical networking support structures 
such as facilities, among others, may be road, railway, water, 
airports, canals, dams, dikes, sewage, electricity, 
telecommunications, ports functionally, infrastructure besides 
facilitation but can also support the smooth running of economic 
activity, production of goods, distribution and services as an 
example of that road transport can expedite delivery of raw 
materials to the factory and then to distribution to the market up 
to the community. In some sense, the term infrastructure, 
including social infrastructure as well as among other basic 
needs, including schools and hospitals. (See American Heritage 
Dictionary) [6]. In the military context, the term can also refer to 
the permanent buildings and installations required to support the 
operation and removal. See Department of Defence Dictionary of 
Military and Associated Terms [7]. In Indonesia, a study topic 
regarding infrastructure adequacy initiated since 2013 at the 
University of Atma Jaya Yogyakarta. [8] [9] (See Kaming & 
Raharjo, 2014a,b). Even since the SBY government had 
established Master Plan of Acceleration Development for 
Economy and Infrastructure (MP3EI) needs were not clearly 
recognized exactly how cost were forecasted. Therefore, needs 
and problems arise, for example in Papua had built the road, but 
the road was rarely utilized because small amount of population 
in the area.  
The aims of this study was to assess the extent to which the 
feasibility of infrastructure can support social and economic 
activities in the Corridor of Sumatera according to the civil 
engineers,. The infrastructure would be included in the report 
include: airports, harbour. bus terminal, bridges and roads 
(national and provincial, district), dam and irrigation, drinking 
water, dirty water waste, garbage, energy, tourism object, 
industrial waste, school, and telecommunications. 
2. LITERATURE REVIEWS 
A. Infrastructure in ASEAN and East Asia 
Citing the World Economic Forum on the quality of 
infrastructure in 2012-2013, the quality of infrastructure in 
Indonesia only received rank value 92. The value is influenced by 
the quality of infrastructure such as roads, railways, ports, 
airports, and electricity. From highest score 7 points, Indonesia 
just scored 3.4 for the road; 3.2 for railroads; port (3.6), the 
airport (4.2), and electricity (3.9). The average value of only 3.7. 
"Indonesia is only better than the Philippines with a ranking of 98. 
In Indonesia, the quality of infrastructure India, China, Thailand, 
Malaysia, and Singapore rank high. India has ranked 87th, China 
69th, Thailand 49th, Malaysia 29th, and Singapore 2nd. 
Compared to the 2011-2012 report, rating the quality of 
Indonesia's infrastructure tends to decline for the last assessment 
at ranked 82nd, while the Philippines was ranked 113th, India 
86th, China 69th, Thailand 47th, Malaysia 23, and Singapore still 
ranked 2. Proportion of budget for infrastructure was about 2.1% 
of the entire yearly nation budget for Indonesia. This brought the 
consequent of low rank of Indonesia's infrastructure. 
B. Corridor Sumatera. 
Indonesia is increasingly required to achieve a change in 
sustainably infrastructure development. Yet, Indonesia face the 
challenge in realizing the growth of economic development for 
the welfare of society. In this context that past President SBY had 
realized a master plan for accelerating economics development 
development (MP3EI), and provided direction for economic 
development Indonesia to 2025. Although not officially stated that 
MP3EI development schemes are evaluated, Jokowi & JK 
regimes strengthened the development plan and focused on the 
infrastructure development schemes for Maritime shaft. Then all  
the resources in the period they would be focused on 
government-related with establishment of the maritime 
infrastructure needs.  
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3. METHODOLOGY  
Assessment given by respondents is a general assessment 
(not workplace respondents only) based on the experience each 
respondent. There are 16 infrastructure assessed by the 
respondents, airports, seaports, terminals, bridges and roads 
(inter province), bridges and roads (cities and counties), drinking 
water, schools, universities, telecommunications, and electricity. 
Table 1 describes the rating scale used by the respondent in 
delivering value. In this study, a questionnaire was given to more 
than 106 respondents consisting of officia from Department of 
Public Works in Province, consulting firms and contractors. The 
questionnaires were sent directly to the intended respondents. 
4. RESULTS AND DISCUSSION 
A. Respondents    
In this study, respondents were devided into 6 classes of 
occupation. From the total 106 respondents there were 19 from 
contractors, 24 from consultant, 10 from developer, and 43 from 
government's Department of Public Works, 6 from non-Public-
Work officers, and 9 from Universities. 
 
TABLE 1. GRADING SCALE [1][3] 
 
*Defined as infrastructure meeting the current and future needs of 
citizens, the economy and the environment in terms of 
sustainability, effectiveness, efficiency and equity. 
 
Formal education ever undertaken respondents in the study 
were classified into 2 groups: respondents with education up to 
the Bachelor were 84 people and the rest were Magister. 
Respondents work experience in the construction industry can be 
divided into five groups, there were 23 respondents with ≤ 5 years 
of work experience, 22 respondents have work experience of 5-
10 years, 14 people have work experience of 10-15 years, 3 
respondents have work experience 15-20 years, and 4 
respondents have ≥ 20 years of work experience. Can be seen 
that respondents had considerable experience in the construction 
industry [10] [11] [12] [20]. 
B. Classification of Profession 
The respondents based on classification of eight professions, 
namely: five from Construction Manager, 16 Transportation, 14 
Structural engineers, 1 Tourism professional, 14 Hydrolic, 14 
Landscape Engineer, 4  ICT, and 2 Architecture 2. Other 
professiona which is not listed in the questionnaire. Note that 
some respondent had more one expertises. Using the rating 
scale maintioned in the methodology, respondents provided level 
of adequacy in accordance with the state of infrastructure listed in 
the defined column. The final value was obtained using mean 
(average) and standard deviation based on the perception from 
respondents. Value given by each respondent infrastructure in 
accordance with the instructions that have been written on a 
scale of reliability infrastructure instrument from ASCE. From the 
Table 4.1, the value data was calculated to find the average 
(mean), standard deviation, and the value in the form of letters 
obtained inadequade defined condition of fasibility from very good 
to inadequate [10]. 
C. Infrastructures  Review 
In addition to providing value to each infrastructure, the 
respondents also provide a review of the infrastructure are 
examined in order to provide an overview of the current at state of 
the sixteen infrastructures. Respondents were asked to fill a 5-
point scale for assessing infrastructure adequacy based on their 
experiences. It was followed by reviewing each infrastucture 
regarding the the infrastructure influence the economy as a whole 
submitted by the respondents: a) assessing the infrastructure by 
using the value that has been reported; b) identifying amount of 
funding that has been spent today and the need for funding to 
improve the existing infrastructure; c) identifying amount funding 
needed to upgrading infrastructure to meet future needs; d) 
identifying the percentage of capacity to deal with the problem; e) 
identifying the quantity of infrastructure, number of bridge, length 
of roads, pipelines, etc.; f) explaining that the cost consequnce if 
government did not do anything. Based on respondents' 
perceptions, the researchers then summarize each infrastructures 
studied in order to provide a report on the circumstances and the 
adequacy of the infrastructure. In addition to the assessment from 
the respondents, reviews of the infrastructure can also be 
obtained from various sources, such as internet, journals, and the 
newspaper [10] [11] [12] [20] 
D. Airports (Grade D, Rating 62.1%, Range 40% -80%) 
Main airports in.Sumatera in each province: 1) Sultan 
Iskandar Muda, Nangroe Aceh Darussalam; 2) Kualanamu, 
Medan, North Sumatera; 3) Minang Kabau, Padang, West 
Sumatera; 4) Sultan Syarif Kasim, Pekanbaru, Riau; 5) Raja Haji 
Fisabilillah, Riau Islands; 6) Sultan Taha, Jambi; 7) Sultan 
Mahmud Badaruddin II, Palembang, South Sumatera; 8) Depati 
Amir, Babel; 9) Fatmawati, Bengkulu; and 10) Radin Inten II, 
Lampung. 
The adequacy of service for airports in Sumatera varied, from 
the limited circumstances to good. In Sumatera corridor, 
Kualanamu is considered best airport amongst the Sumatera 
corridor. The construction of double track railway from Medan to 
Kualanamu with an investment of Rp 878 billion is the first 
international airport in Indonesia which has accessibility using 
railway. When the construction of double track railway Medan-
Kualanamu come into the operation, the travel time from Medan 
Kualanamu only 15-20 minutes compare with current time spent 
45 minutes. Kualanamu considered a good infrastructure at this 
point with a value of 80%, B- grade, but has not shown the vision 
of the future anticipation for medium and long-term need. 
E. Harbours (Grade D, Rating 52.5%, Range 40% -60%). 
The following are the major harbours in Sumatera: 1) Belawan, 
North Sumatra; 2) Palembang, South Sumatera; 3) Teluk Bayur 
Gulf, West Sumatra; 4) Talang Dukuh Jambi; 5) Stumps Kula 
Jambi; 6) Sabak Muara Jambi; 7) Baai Island, Bengkulu; 8) Port 
Bengkulu; 9) Panjang, Lampung; 10) The base Balam, Bangka- 
Belitung; 11) Tanjung Pandan, Bangka-Belitung; 12) Pakning 
River, Dumai, Riau; 13) Geukueh Krueng Aceh; 14) Sabang, 
Aceh; 15) Kijang, Bintan; 16) Batu Ampar, Batam. Current 
development of Kuala Tanjung, a new maritime hub situated at 
North Sumatera, functioning for economic development as 
general, in particular export of the domestic products from 
Sumatera corridor [15].  
F. Terminal (Grade E, Rating 41.6%, Range 20% -50%) 
Grade % Rating Designation Definition* 
A 90-100 Very Good Infrastructure is fit for its current and future purposes* 
B 80-89 Good 
Minor changes required to enable 
infrastructure to be fit for its 
current and future purposes 
C 70-79 Adequade 
Major changes required to enable 
infrastructure to be fit for its 
current and future purposes 
D 51-69 Poor 
Poor Critical changes required to 
be fit for its current and future 
purposes 
E < 50 Inadequade Inadequate for current and future purposes 
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Integrated Terminal Kertas Pasir Medan is considered an 
integrated terminal for urban transportation in the city of Medan 
which serviced the bus operated between provinces and within 
cities in provinces that come from the south of the city of Medan. 
Buses on this terminal primarily serves the route between the 
destination from North Sumatera to Province of Riau, West 
Sumatera, Jambi, South Sumatera, Lampung and Jakarta via the 
Sunda Strait. The terminal also serves the route to the airport is 
located in the district Kualanamu. Terminal Medan Kertas Pasir is 
the gateway city of Medan on the south. 
4.3.4 Inter-Provincial Bridge and Road (Grade D, Rating 52.9%, 
range 40% -70%) 
The Ministry of Public Works in Jakarta proposed two Trans-
Sumatera toll road started the construction since 2014, following 
the existing land that could be prepared for the toll road. Both 
Trans-Sumatera toll road is a toll-Indaralaya Palembang and 
Pekanbaru toll-Kandis-Dumai. The government planned to start 
construction of four trans-Sumatera toll roads. The toll road is 
Medan-Binjai 16.8 kilometers (km) with an investment of Rp 2 
trillion, Pekanbaru-Dumai 135 km with an investment of Rp 14.7 
trillion, Palembang-Indralaya 22 km with an investment of Rp 1 
trillion, and Bakauheni-Terbanggi  150 km with an investment of 
Rp 13.8 trillion. In a coordination meeting with the Coordinating 
Ministry for Economic Affairs from previous govenment proposed 
the Medan-Binjai could be started. But ministry from Public Work 
refused because of the land acquisition was difficult. The process 
for land acquisition with the length of 135-kilometer for tollroad 
had reached 30%,  toll-Indralaya Palembang along the 22-
kilometer section of which were already clear obtained. 
Trans Sumatera Toll Road was MP3EI priority project with 
high strategic and economic importance. However, the project 
was considered financially not bankable, thus private sector 
involvement was considered to be a feasible solution. Hutama 
Karya (HK) was assigned by Government to develop the Trans 
Sumatera project. In addition, HK was expected in utilizing cheap 
funding sources that was eligible backed up by a guarantee and 
bringing equity partners to share the risks. 
 
TABLE 2. ADEQUACY OF INFRASTRUCTURE AT SELECTED PROVINCES AT SUMATERA [10] [11] [12] [20]. 
PROVINCE I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13 I14 I15 I16 
ACEH 3 2 2 1 1 3 3 2 3 2 2 3 2 2 2 2 
SUMBAR 3 3 1 1 1 3 2 3 3 2 1 3 4 2 3 3 
SUMSEL 4 3 3 3 3 2 4 4 4 3 3 4 3 3 4 4 
LAMPUNG 2 3 2 3 3 3 2 3 2 2 3 1 3 2 3 3 
SUMUT 4 2,50 2,50 3 3 2 3 2 1,50 1,50 2 1,50 3,50 2,50 3,50 3 
BABEL 3,33 2,66 2 1 1 3.33 2 3 2 2 3 2 3 1 3 3,50 
BENGKULU 2,77 2,38 2,06 1 3 2,42 2,58 3 2,90 3 2,42 2,71 3,06 2 3,19 2,83 
JAMBI 2,77 2,36 2,06 . . 2,40 2,56 . 2,90 . 2,40 2,70 3,10 . 3,20 2,83 
KEPRI 3.40 3.40 1.00 1.00 1.00 3.63 3.48 . 2.70 2.58 2.45 2.48 3.65 2.98 2.90 3.60 
SUMATERA 3,25 2,81 2,07 1,75 2,00 2.81 2,83 2.95 2,76 2,38 2,44 2,48 3.28 2.35 3,20 3,18 
SUMATERA% 65.1 56.3 41,4 35.0 40.0 56.2 56.6 59.0 55.2 47.7 48.7 49,7 65.5 47.0 64.0 63.6 
Grade D D- E E E D- D- D D- E E E D+ E D+ D+ 
I1. Airports I5 Railway stations I9. Drinking water facities I13. Torism facilities 
I2. Harbours I6. Highways and bridges (accross provinces) I10. House-holds waste. I14. Industrial waste 
I3. Bus terminals I7. Highways and bridges  (urban and district) I11. Garbages recycling facilities I15 Schools/Universities 
I4. Railway I8 Dams and irrigations I12. Electricity/Power I16 Telecommunication 
    
 
G. Bridge in City and County Road (Grade D, Rating 53.7%, 
Range 40%-80%) 
Bridges and roads in cities and districts in Jambi province is 
still in a state with a sufficient condition of 90% to roads in the city 
and 80% of roads in the district, according to data from the 
Department of Transportation Jambi Province, with the length of 
7.139 km. Bridges and roads of the city and county has a value of 
"C" and a rating of 70% where major changes are needed to deal 
with future problems. According to sources, the change is 
included with the need for widening the road which reached 70%, 
and to increase capacity to deal with problems at the moment still 
stands at 60%. Until recently, the provincial government has 
spent ± Rp. 100 Billion per year for roads in the city and county. 
As for updating the infrastructure, needs funds addition of Rp. 50 
Billion per year. Length of  roads and bridges for cities and 
counties have been adequately feasible and in quite good 
condition but should need supervision and checks by using the 
existing database. If it could not fulfilled by the local government, 
then the infrastructure would severely damage and jeorpodize the 
development of economy in Sumatera corridor [10]. 
H. Train and Monorail (Grade E, Rating 37.1%, Range 20%-60%) 
Trans Sumatra railway project in Nanggroe Aceh Darussalam 
(NAD) started in 2015, according to the spoken officer from 
President JokoWidodo during the visit to Aceh on last March 9, 
2015. The initial stages of development, starting with the land 
acquisition. This information submitted by the Head of 
Department of Transportation, Communications, Information and 
Telematics (Dishubkomintel) Aceh,  It admitted that the location 
of the project was the intersection of the Trans Sumatera railway 
line with a train track Kuta Blang Krueng Geukuh, Lhokseumawe. 
The informatin was supported by the Committing Officer (CO) 
Project Implementing Unit Heads Hall Trans Sumatera Railway 
Project. Trans Sumatera railway line plan had been funded by the 
foreign sources. Related fund of the initial stages was estimated 
of Rp 422 billion, it would be fully used for land acquisition. In the 
first phase, it started from Kuta Blang (North Aceh) to Padang Tiji 
(Pidie). The total length of about 91 kilometers with a width of 
about 30 meters. This is done because the track was built in two 
lines in each traffic. This fast train track could reach the speed of 
120 kilometers per hour. 
I. Railway Station in Sumatera (Grade E, Rating 42.9%, Range 
20%-60%) 
At city station of Medan (MDN) was a railway station which 
serves the citizen, and was in a meeting between village 
Kesawan (Medan West) and the Gang Buntu (East Medan). The 
station is located at an elevation of +22 m situated at the central 
Regional Division One at North Sumatera and Aceh, and is 
located in front of Merdeka Square, making it the largest railway 
station in the entire division, and each day serves 2000-2500 
passengers to the entire North Sumatera. Railway station located 
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in Medan stretching from north to south. Rail that leads to the 
south is the rail with the direction of travel from Tebing Tinggi to 
Tanjung Balai, Pematang Siantar and Rantau Prapat, while the 
rail that leads to the north is the direction of travel to Belawan, 
Binjai and Besitang, branching approximately 850 meter north of 
the station. From Medan railway station was formerly contained 
branching rails to Pancur Batu. This station has a city check-in for 
passengers at the Kualanamu International Airport. This railway 
services is considered the first in Indonesia.  
J. Water (Grade D, Rating 54.1%, Range 30%-60%) 
State Owned Water Company (PDAM) in Indonesia arranged 
in four regions, namely: region I (Java), region II (the island of 
Sumatera), Region III (the islands of Borneo and Sulawesi), and 
region IV (Papua, Maluku, Nusa Tenggara Barat, Nusa Tenggara 
Timur and Bali). PDAM at Southern Sumatera consists of 1) taps 
Kualatungkal District; 2) PDAM Muara Bungo district; 3) PDAM 
ATS Palembang city; 4) PDAM OKU South district; 5) PDAM 
Prabumulih district; 6) PDAM Muara Enim district; 7) PDAM 
Bengkulu city; 8) PDAM Arga Makmur district; 9) PDAM Musi 
Banyuasin district; 10) PDAM Bandarlampung city; 11) PDAM 
OKU Baturaja district; 12 PDAM Kerinci district; 13) PDAM Jambi 
city; 14) PDAM Palembang city. Accessibility of clean water by 
the citizen of province in Sumatera was range as low as 32 
percent at Bangka Belitung to the highest at Lampung province 
as 58 percent at Lampung, see Source: www.agency-
pospay.com. 
K. Tourism facilities (Grade D, Rating 62.1%, Range 40%-80%) 
Sumatera is the largest island in the Indonesia and sixth-
largest island in the world, and certainly a lot of sightseeing 
objects and attractive tourist destinations, and the following list of 
cities and tourist places in Sumatera that already famous. Places 
in Aceh Special Region thirteen: from the Grand Mosque 
Baiturrahman in Banda Aceh; to the Krueng Aceh Tourism Park. 
North Sumatera turist place of Medan city has eight locations 
from Toba Lake (Prapat) to Samosir Island. Deli Serdang has 
three locations. Karo has 7 locations: Simalungun has 7 
locations; Pematang Siantar municipality has 6 locations; 
Samosir has 6 locations; Nias district there are 6 locations. 
Places in West Sumatera fifty eight: from the Monument of the 
Unknown Soldier to Ngarai Sihanuk. Places in Riau twenty-seven 
locations: from Alam Mayang to Masjid An-Nur Pekanbaru. 
Places in Riau Islands there are nine locations: from Biting Island 
to Niagara Temurun. Places in Jambi are five: from Lake Kerinci; 
up to Taman Rimbo Zoo. Places of Interest in South Sumatra are 
eight: from Lake Ranau to Goa Putri. Places in Bangka Belitung 
Islands there are 18 locations: from Beach Parai Mackerel to 
Bukit Batu Beach. Places in Bengkulu, there are 41 locations: 
from Long Beach to the Elephant Training Center (ETC) in 
Seblat. Places of Interest in Lampung, there are 36 locations [10] 
from White Sand in South Lampung to Batu Dam Tegi in 
Tanggamus. 
L. School / University (Grade D, Rating 64%, Range 50-70) 
Universities are well known in Sumatera is Andalas 
University, Bengkulu, Jambi, Lampung, Riau, Sriwijaya, and 
North Sumatera, Syah Kuala. Primary schools, the state of the 
building is not so good, most of the elementary school building is 
still an old building even most have been unsuitable and require 
considerable renovations in order to avoid greater damage [11]. 
University infrastructure in Sumatera with a rating scale D value 
of rating 64.0%, this is due to the infrastructure in the field of 
education, has built quite a lot of school buildings, and has been 
able to accommodate approximately ± 94.0% of the number of 
school-age children. School of Elementary has large enough 
capacity, but capacity especially new Secondary level 
approximately ± 79.0% of the total number of primary school 
graduates and high school capacity reached approximately ± 
78.0% of the number of junior high school graduates [12]. 
M. Telecommunications (Grade D, Rating 60.0%, Range 40%-
80%) 
For telecommunication infrastructure, two leading companies 
are PT Telkom and PT Indosat. Both companies fingering an 
important role in the provision of infrastructure for communication 
network in the digital era. Although more people use digital 
communications services, there are still many shortcomings in 
the provision of infrastructure. Visible acquisition gradation value 
D, and a rating of 60%. Telecommunications infrastructure in 
Sumatera dominated catcher tower singer such projects 
presented Kaming and Ferianto 2015. [12]. Reach GSM-based 
mobile phone services provided by a subsidiary company of 
Telkomsel, reaching all cities / regencies in Indonesia. In 2013, 
Telkomsel has added 15.567 BTS. 
N. Electricity in Sumatera (Grade D, Rating 49.7%, Range 40-
60%) 
PLN planned to increase power by hiring engine with a power 
of 50 megawatts (MW) .With implementation of the strategy, PLN 
was expected to add power to the island of Sumatera 
interconnection system to about 500 MW. Meanwhile, the 
condition of electricity by 2010 in a number of areas in Sumatera 
was hit by the deficit as happened in Riau Province which 117.6 
MW power shortage, Jambi (80.5 MW), Lampung (137 MW), and 
North Sumatera (101.2 MW. 
The construction of which was in the process of implementation 
in subsystems South and Central Sumatera, such as Steam 
Power (power plant) Sumbar Coast / Gulf of 2x112 MW power 
Sirih targeted a generator to supply power in December 2011. 
Later, New EVAL power plant (100 MW), Simpangelimbing power 
plant (113.5 MW), Sungai Gelam power plant (15 MW), and Duri 
Riau power plant (60 MW). Moreover, the addition also began to 
take place in mid-year with the operation of the power plant 
Forms (2x30 MW), Payo Selincah power plant (100 MW) and 
Talang Dukuh power plant (50 MW). Meanwhile, according to 
him, the program for Northern Sumatera subsystem operated 
diesel Buoyancy Aceh (8.5 MW) and the revitalization program a 
number of plants.  
O. Waste water treatment, drainage channel and land fill (Grade 
E, Rating 47%, Range 40-60%) 
Infrastructure building wastewater/excreta was very important 
at this time, due to the increasing population in an area, the 
potential for pollution of the environment is highly increasing. 
With the current infrastructure for waste treatment facilities, it 
expected to be able to improve the quality of drainage channels 
environment in preventing flooding and inundation. 
Waste B, one or two industries have been very harmful and when 
discharged directly into the river would kill the habitat of plants 
and animals in the river. Investors from Japan had started taking 
care of licensing and finding land in Mojokerto, close to the 
location Ngoro Industrial Park (NIP) with an investment of US $ 
20 million. While from the government, the two countries agreed 
to jointly promote cooperation in waste management and 
hazardous materials and toxic waste (B3) through feasibility 
studies, partnerships, exchange of expertise and information 
exchange. Exchange of information include the high-level 
dialogue, partnerships, symposia, education and training. Since 
After a visit of Mr. Nobumori Otani, Minister of Environment of 
Japan 2010, several coordination meetings between the Ministry 
of Environment of Indonesia and representatives of the 
Government of Japan in Indonesia such as JICA, particularly to 
finalize a plan of cooperation in the management of B3 and solid 
waste. 
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P. Analysis of Infrastructure Adequacy 
By obtaining the mean and rating of each infrastructure 
studied, can be calculated final value of infrastructure in the 
provinces in Sumatera is D. The final value is the total value of all 
the infrastructure that had been studied. Mean the overall the 16 
categories that have been analysed the overall infrastructure, i.e. 
51.54%. [10] [11] [12] [20]. 
In long term, the development Sumatera Economic Corridor 
was directed at four main productions: oil palm, rubber, coal and 
crude oil. To support the development of each of the main 
economic activity of the necessary efforts to improve connectivity, 
such as building roads and railway lines cross the east, from 
Jakarta to Aceh at the northern tip of the northwest. 
Strengthening connectivity in Sumatera Economic Corridor was 
also performed on intra corridor connectivity (connectivity within 
corridor), connectivity between the corridor (from and to the 
corridor), as well as international connectivity (connectivity 
corridors by the international community). 
In the deveopment of Sumatera Economic Corridor, the 
construction of space structures in the province directed to 
understand the movement patterns of the plantation (rubber and 
oil palm), and coal mining as the main economic activity towards 
a processing or industrial area next to the harbour. So in every 
province, prioritization and quality of the construction and 
maintenance of roads and bridges, railways, ports and airports 
were directed to serve the transportation of goods to support the 
major economic activity. In addition, given the Indonesian island 
of Sumatra is the gate on the west side, the major international 
hubs such as ports for international shipping needs to be set on 
the east coast of the island of Sumatera. Related to this, the port 
of Kuala Tanjung considered to qualify as an Alternative 
International Hub Ports on the Western of Indonesia. The main 
port that serves as an international hub in the West was 
important to open up and increase the chances of development 
outside Java and at the same time reducing the burden on the 
island of Java. 
5. CONCLUSION AND RECOMMENDATION 
Based on data and reviews obtained from the respondents, an 
overall rating of infrastructure studied in provinces in Sumatera 
was 51.54% and earned a "D-" to the final value. Table 4.6 is the 
result of the analysis of each of the existing infrastructure in the 
provinces of Sumatera explained as follows: 1. Infrastructure 
Airports in Sumatera was "D". 2. Terminal in Sumatera was "D-". 
3. Infrastructure bridges and roads of the city and the district "D-". 
4. Infrastructure water providers obtained "D-". 5. Wasted 
garbage in Sumatera a grade of "E". 6. Object-tourism facilities in 
the provinces on Sumatera grade "D". 7. Schools and universities 
in Sumatra grade "D". 8. Telecommunications Infrastructure "D". 
9. Electricity in Sumatera was relatively poor with the grade "E”. 
10. Overall, South Sumatera had a relatively better infrastructure 
than other provinces in Sumatera. 
After carrying out the studies, there are a few things 
suggested to be considered as an input for the future: 1. 
Sumatera Provincial Government can make this study as a 
reference to control the situation and feasibility as well as 
developing infrastructure in each province. 2. In order to make it 
more accurate, the study suggested that improve the 
infrastructure that did not cover in this study such as provinvce of 
Riau was to be carried out. In addition, the study is needed 
relating the priority for infrastructure development by each of the 
province in Sumatera. 3. Assessment of civil engineers 
periodically, as a resource for the provision knowledge of 
infrastructure can be more accurate and be used to develop 
infrastructure effectively for the future. 4. Infrastructure that had 
poor rating of the welfare to people according to the respondents 
are drinking water from the taps, the future needs serious 
attention from the central government and local government. 5. 
The disposal of industrial waste is hardly explored, future 
pollution and environmental pollution will worrisome human life in 
line with the growing industry in the region. This should be a 
concern of the central government want to the development of 
Sumatera economic corridor. 
 
TABEL 3. COMPARISON OF INFRASTRUCTURE DATA OF 
PROVINCES IN SUMATERA. 
no Provinces Mean % Grade 
1 Nanggru Aceh 
Darusalam 
2,19 43,75 E 
2 Sumuera Barat 2,38 47,50 E 
3 Sumatera Selatan 3,38 67,50 C- 
4 Lampung 2,50 50.00 D- 
5 Sumatera Utara 2,56 51,25 D- 
6 Bangka Belitung 2,39 47,71 E 
7 Bengkulu * 2,58 51,69 D- 
8 Jambi** 2,66 53,27 D- 
9 Kepri*** 2.63 61.1 D+ 
 Everage 2.56 51.54% D- 
Sources: Adopted part from: * Presetya[12], ** Pitoyo [11], ***Law [20] 
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Abstract: Shipbuilding industry for wooden ship in Batang, Central Java, experienced a growth of approximately 50% orders from 
outside the region and abroad in the last 5 years [4]. Shipyard can be used to create and repair ships. There are several types of 
shipyards. This paper discusses slipway type shipyard. Whether to build a longitudinal slipway or transverse slipway, it is highly 
influenced by the availability of land. The slipway in this paper is designed to accommodate four ships with 2 rail lines. The size of 
ships to use the slipway are fishing vessels weighing up to 400 GT. The launch and the withdrawal of the fishing vessels can be made 
at any time without being influenced by the tide. The entire slipway structure is designed to use reinforced concrete structures. 
Keywords: longitudinal slipway, design of slipway, fisheries shipyard.        1 
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1. INTRODUCTION 
 Brondong is a subdistrict in Lamongan district, East Java 
province, Indonesia. Brondong district area consists of 9 villages 
and one municipality, 22 village, two neighborhood village, 57 
RW, 262 RT, and 11.949 households. 
Brondong sub-district is approximately 50 km from the capital 
Lamongan East Java, with boundaries as follows: 
1. The north Java Sea 
2. Next to the south by the District Laren and Solokuro 
3. Next to the western border with Tuban 
4. Next to the east by the District Paciran 
Nusantara Fishery Port Brondong as a provider of operational 
facilities, fishing vessels have a very important role in support of 
the increase in marine fisheries. To support that role, then the 
Nusantara Fishery Port Brondong be supported with adequate 
facilities and infrastructure. One of the facilities and 
infrastructures is a slipway. 
Brondong Nusantara Fishery Port is located in the districts 
Brondong. Subdistrict Brondong located at coordinates between 
06 º 53 '30.81' '- 07º 23' 6 '' South latitude and 112º 17 '1.22' '- 
112º 33' 12 '' East Longitude. 
Base on the report [5] of the number of fishing vesselsin the area 
of PPN Brondong in East Java are 28 ship visits per day, and the 
number of fishermen are 12.160 people. The number of fishing 
vessels of 30 - 400 GT are 396 vessels. 
The shipyard in this paper is a place to build or repair ships. 
Thus, the shipyard should be located on the coastline. Based on 
the activities, shipyard can be divided into three types: new 
vessel shipyard, repairing shipyard, and shipyard for both 
repairing and constructing new vessels. Ships must go docking 
every 18-20 months for maintenance and repairing, thus the 
opportunity for maintenance and repairing vessels is still open 
widely [1]. 
Cornick [3] classifies docks by their characteristics and 
functions into three main classes: dry or graving dock, slipway, 
and floating dock. While Srinivasan [7] divides dock into four main 
classes: graving or dry dock, floating dock, marine railway, and lift 
dock. 
According to Cornick [3],  dry dock is a pond or a place that 
can be filled with water so that the vessel can float and go 
through the channels. When the vessels is already in the right 
position, the water is then pumped out so that the platform 
becomes dry. Dry dock is used to build, repair or maintain vessels. 
Drydock normally consist of  side walls and rear wall made of 
reinforced concrete structures. The doors are made of steel plate, 
which is designed to be able to float in the water. The whole 
structure of the dock is normally sitting on pile foundations.  
Floating dock is a construction mounted on one or several 
watertight compartments on the sides and open at both ends. It 
can be submerged by filling the compartments with water and the 
ship will enter the floating dock at the time of sinking. In general, 
floating dock made of steel construction with pontoon-shaped 
building, so it can be moved from one place to another by means 
of retractable tug boat. The position of the floating dock on the 
water surface can be changed as needed. This means that the 
pontoon system is a special feature of floating dock. The size of 
floating dock varies from small (hundreds of tons) to large 
(thousands of tons). Compared to the dry dock, the 
manufacturing cost of floating dock is relatively lower. However, 
the cost of operation and maintenance is higher. 
Slipway or marine railway is a sloping runway structure 
located on the beach and made of reinforced concrete structure. 
Some parts of the slipway are submerged under water and the 
other parts are above the water. The slipway is normally equipped 
with rails, lorries (cradle) and a rope winder machine (winch), so 
that the boats can be pulled / dragged to the cleaning and 
repairing place. Slipway is built perpendicular to the shore. Ships 
can be pulled lengthwise (longitudinal slipway) or lateral 
(transverse slipway) dependent onthe possible position. The 
angle of the slipway slope ranges from 1/12 to 1/25 and is usually 
only used for small ships and medium size ships with a maximum 
of 400 tons displacement. 
 
2. METHODOLOGY 
Broadly speaking slipway planning phase can be broken down 
into five stages, namely preparation, collection and analysis of 
data, planning of dimensions and layout of slipway, structural 
analysis and calculation of the structure. 
To obtain optimal slipway planning, the necessary analysis of 
data that provide information summarize the state of the 
construction site. The data required in the data analysis stage 
include a map of the location and bathymetry, tide data, wind data, 
ship data and ground data. From the analysis of the data 
obtained slipway dimensional plan, elevation of slipway against 
Banch Mark (BM) on land and a sketch plan of the structure. 
In the analysis stage structure to obtain internal forces to the 
elements, conducted with the help software of the SAP program 
2000. The results of the analysis in the form of internal forces on 
the element is used as a reference in the calculation of the 
structure of the slipway. 
 
3. RESEARCH OBJECTIVES 
This article discusses the determination of the size of 
longitudinal slipway for fishing vessels. The location of the case 
 57 
ISBN 979-587-621-1 
study is at the fishing port of Brondong, Lamongan, East Java, 
Indonesia. The longitudinal slipway in this article must be able to 
serve the annual routine maintenance of the ships. 
 
4.  RESULTS AND DISCUSSION 
 
  Slipway is a platform with a certain flatness, built on a beach 
to launchships into the sea or raise ships from sea to the land. 
Slipway is used to build and repair ships. Slipway is generally 
divided into two systems, namely: 
x   Transverse Slipway  
This system is used when the area of the water field is limited 
hence only transverse launch is possible. The tilt angle of this 
slipway system is between 1/12 to 1/15. Transverse slipway 
system can be used for constructing new vessels (ship production) 
and also for repairing and maintenance of ships. The slipway has 
some cradles that moves through sliptrailer to support the ship.  
x   Longitudinal Slipway.  
This slipway system requires larger water area which is 
needed in launching process. This system is used for small boats 
with a maximum length of 50 m. This system can be used for new 
shipbuilding and ship repairing. The slope of this slipway ranges 
between 1/15 to 1/25. The slipway system consists of a rail 
mounted on concrete platform, and the carriage (cradle) that can 
move on rails with the aid of steel cables (slink) which pulled by 
winder machine (winch). 
Ship data show the size of fishing vessels based on their 
weight. The size of fishing vessels depends on the type of fishing 
equipment on the vessel, fishing area distance, etc. The size of 
fishing vessels that enter fishing ports varies from tens to 
hundreds  GT (gross tonnage). 
The fishing vessels data are used to determine the type and 
shape of the designed slipway. The length and width of the 
slipway is determined based on the largest fishing vessel that will 
use the slipway. The number of fishing vessels that potentially 
use the slipway is determined by the traffic of fishing vessels that 
use the fishing port. In addition, the data can also be used for 
calculating the live load acting on the slipway. 
The size of the largest fishing vessel obtained from PPS 
Jakarta was used in this study. The designed fishing vessel had a 
total length (Loa) of 41 m, width (B) of 10 m, draft (d) of 3.8 m and 
weight of 368.57 GT. The slipway was designed to withstand 
fishing vessels loads of 400 GT.  
The length of the slipway is usually between 2 to 2.5 times of 
the maximum vessel length that will be repaired. The total length 
of slipway can be determined using equation (1) as suggested by 
Tsinker [6] as follows: 
The total length of the slipway is  
L = Lr + Lw    (1) 
where: 
x L = total length of the slipway (m) 
x Lr = length of working area above the water (m) 
x Lw = length of slipway under the water (m) 
 
The length of the working area above the water is shown in 
equation (2) 
Lr = Lc + 2a + 2b(2) 
where: 
x Lr = length of the working area above the water (m) 
x Lc  = the maximum length of the ship (m) 
x a = width of the scaffold (usually 2 m) 
x b = the minimum distance to the access road for workers on the 
front, rear, and side of the ship (about 1.5 m) 
 
The width of the working area above the water is shown in 
equation (3) 
Br = B + 2a + 2b (3) 
where: 
x Br  = width of the working area above the water 
x B  = maximum width of the ship  
 
For this case study the length of the slipway platform 
submerged in the water is calculated using equation (4) as 
follows: 
Lw=
୦౦
୲ୟ୬β. (4) 
where: 
x Lw  = length of the submerged slipway (m) 
x hp  = 1.25 (hd + hs) + hw (m) 
x hd  = empty vessel laden (m) 
x hs  = cradle height (m) 
x hw  = difference between the highest high water level (HHWL) 
and mean low water level (MLWL) in meters 
 
Based on the wind data, it was found that winds from the east 
had a percentage of 40.71% with a dominant speed of 0-6 knots. 
It was then followed by a northwest direction with the percentage 
of 25.14% and with a dominant speed of 0-6 knots. So, the 
dominant wind speeds used in the design was 6 knots (= 3.08 m / 
sec). 
Based on the wave data, wave rose graph can be created to 
describe the percentage of the dominant wave direction. The 
largest waves came from the east, with the percentage of 40.71%. 
The number of data of the maximum wave heights with a 
dominant wave direction was 149 data. The significant wave 
height was determined from 30% of the data or 50 wave height 
data by sorting the data from the highest value to the lowest value. 
The forcasting wave height was calculated by considering 
fetch length and wind stress factors. The calculation was based 
on the Shore Protection Manual (1984). It was obtained that the 
wave height was 1.35 meters. 
The water level was calculated using the lowest and highest 
tide data [2]. The results were as follows: HHWL (Highest High 
Water Level) = 2.00, MHWL (Mean High Water level) = 1.793, 
MSL (Mean Sea Level) = 1.085, MLWL (Mean Low Water Level) 
= 0.377 and LLWL (Lowest low water level) = 0.1. 
PPN Brondong is located between 06 º 53 '30.81” to 07º 23' 6 
'' South latitude and 112º 17 '1.22” to112º 33' 12 '' East Longitude. 
In this study, the slipway in Brondong National Fishing Port was 
designed to use the longitudinal slipway system (end launching 
slipway). This is due to limited land in the location in which the 
available width was only about 30-40 m. 
In addition, the longitudinal slipway was easier and more 
efficient in operation for ships with size smaller than 400 GT. The 
length of the ship that was planned to use the slipway at the 
Brondong National Fishing Port was 41 m which was still smaller 
than the maximum vessel length (50m) required for transverse 
system. 
The total length of the slipway was calculated using equations 
(1) – (4). The width of the working area (Br) calculated using 
equation (3) was 17 m. Next, the length of working area above 
the water (Lr) was calculated using equation (2). It was obtained 
that Lr was 48 m. The depth of water at the end of the slipway 
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was calculated using equation (4), and was obtained to be 3.525 
m. Hence, the length of slipway under the water (Lw) was 88 m. 
Based on those calculations, the total length of the slipway (L) 
calculated using equation (1) was obtained to be 136 m.  
In this study, two longitudinal slipway systems was planned to 
be built in Brondong National Fishing Port. The dimensions of 
each slipway calculated in this study was 136 m length and  17 m 
width. Thus the total dimension of the two longitudinal slipway 
was 136 m in length and the total width was 34 m. 
 
5.  CONCLUSIONS 
 
Data analysis in this study gave the following results:  
a) the dominant wind came from the east at a speed of 0-6 knots,  
b) significant wave height (Hs) was 0.65 m,  
c) the difference between tide elevation of HHWL and LLWL 
was1.90 m. 
The longitudinal slipway was designed to serve four fishing 
vessels at the same time with the weight of fishing vessels was 
less than 400 GT. The total length of 2 longitudinal slipway was 
136 m length, and the total width was 34 m. 
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Effect Gradation and Clay Content on Shear Strength of Clayey Sand  
Soewignjo Agus Nugroho*, Gunawan Wibisono, Umam, K. 
Civil Engineering Depart. Undergraduate program, University of Riau, 28293, Indonesia  
  
Abstract: Clayey sand shear strength is influenced by several factors, for examples sand and clay soil fraction, soil properties, 
density, moisture content, and gradation. Sand and clay mixture with same composition may different in shear strength. It is influence 
by moisture content, density and gradation. This research aims to study the effect of clay content at sand where change the soil shear 
strength. Variations of Clayey Sand soil different in percentages, every variations have different gradation from well-graded sand to 
poorly-graded sand. Each sample variation is done mixing with a certain moisture content, preloading created in order to represent 
overburden pressure. Samples was tested of gradation, density and shear strength.  Relationship between gradation and shear 
strength value expressed by the value of Cc, Cu and cohesion, internal friction angle shows spesific graphs in particular trends. The 
results showed effect of gradation and density on soil shear strength. Soil with well-graded sand and dense has good shear strength, 
in the other hand shear strength decreased when the gradation and density became lower. The addition of clay will increase cohesion 
and decrease internal friction angle. 
Keywords: clay, density, gradation, shear strength, sand.       1 
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1. INTRODUCTION 
  Riau coastal is an area with dominated by soft soil. Soft soil 
has poor characteristics, especially the soil bearing capacity. 
Planning of embankment, earth fill must follows the standards of 
the bearing capacity and often difficult to achieve. Mostly factors 
that led to the failure of embankment in soft soil is poorly 
materials. Guidelines Bina Marga [1] suggest using coarse grain 
material for planning embankment on soft ground. This study 
examined the coarse material (sand) mixture with range of clay 
content. Soil bearing capacity can be seen from shear strength 
Φ) is influenced 
by the surface roughness frictional contact area. Surface shear 
roughness area formed by the grain distribution, particles size 
and shape of particles in the area of soil shear. Cohesion (c) is an 
attractive force between molecules that have cohesive properties. 
One of the aspects that affect cohesion is density and distance 
between molecules within an object. Cohesion is also influenced 
by the particle-size distribution that can lead to greater density 
between soil particles. 
2. LITERATURE REVIEW  
  Prihatin and Wahyudi [2], 2009 conducted a study on the 
Correlation between Gradations of embankment material with the 
density and shear strength. The results showed comparison 
between Coefficient curvature (Cc) and Coefficient uniformly (Cu) 
risen, soil increasingly homogen and uniform and value of 
cohesion (c) and angle of friction (f) decrease. Meanwhile, if value 
of Cc/Cu getting smaller (soil increasingly heterogeneous), the 
greater the value of cohesion (c) and the angle of friction. Kara 
et.al [3], 2013 research on the contribution of a range of grain 
size of the shear strength in sand. The study was varying range 
of grain size and create additional variations of a gradient by 
mixing coarse grain range size of sand. Then each variation 
samples conducted direct shear test. The result shows the 
greater the size of the sand particles of sand friction angle will 
increase. 
Sand is not having a bonding capacity between particles 
(cohesion) and its difficult compacted where can increasing 
bearing capacity of sand. It is necessary add a mixture of 
cohesive soil to solve this problem. Hakam et.al [4], 2010 studied 
addition of clay in sand from Padang beach. These results 
concluded that, if solid soil mass rise the internal friction angle will 
increase. In the others hand, if soil mass getting down, internal 
friction angle also decrease. If level of clay in the soil increase, 
then cohesion rises and internal friction angle will be decreased. 
3. RESEARCH METODHOLOGY  
This study aims to determine the effect of sand gradation, the 
percentage of clay content and soil density in clayey sand. The 
density of the samples picked up from the compression testing of 
consolidation with a planning load. 
Finally, complete content and organizational editing before 
formatting. Please take note of the following items when 
proofreading spelling and grammar: 
A. Compaction in Oedometer 
The addition of a load on a surface of the soil can cause 
subsoil undergo compression. The compression caused by the 
deformation of soil particles, particle relocation, discharge water 
or air from the pores, and other causes. Some or all of these 
factors have a relationship with the state of the soil [5]. 
The procedure to do a one-dimensional consolidation test was 
first introduced by Terzaghi. The test was carried out in an 
Oedometer. The soil sample placed inside a metal ring with two 
pieces of porous stone placed above and below the soil sample. 
Implementation of the soil sample was done by placed weight on 
the end of a flat beam and compress the sample. Soil sample 
were measured using a scale measuring with a micrometer scale. 
Examples of the soil is always soaked in water during the 
experiment. Each load is usually given for 24 hours. After that, 
the load is increased up to double the previous load, and 
compression measurements forwarded. By the time the 
experiment was completed, the dry weight of the soil sample is 
determined. 
B. Sample Preparation 
The research was carried out experimentally. Study was 
conducted in two stages, the first stage is the preparation phase 
that is to prepare direct shear tools and materials for making 
test's samples and testing specimens and determine the accuracy 
of methods in the conduct of research. The second stage is 
taking the test object, and then continued with the research 
laboratory and analyze the tests result. Numbers of samples and 
their distribution can be seen in Table 1. 
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TABLE 1 Distribution of samples 
Coofficient Sand 
gradation 
Max/min 
content 
sample 
Cu Cc Sand (%) Clay (%) 
  Well 
graded 
Max 100 40 
Min 60 10 
  Poorly 
graded 
Max 100 40 
Min 60 10 
  Gap 
graded 
Max 100 40 
Min 60 10 
C. Consolidation 
Testing of this consolidation is based on ASTM D 2435. 
Specimens will be tested consolidation formed density (weight 
volume) with each variation of the test object initially has the 
same density, then each variation test specimen consolidation. 
Testing consolidation is done by adding a certain load to obtain a 
certain density. Load only once stage on each specimen, after 
one step load consolidation finished sample on camber ready for 
direct shear test. 
D. Direct Shear Test 
Testing of Direct Shear is performed based on ASTM D 3080. 
Direct Shear test is performed on three specimens from a 
relatively undisturbed soil sample. A specimen is placed in a 
shear box which has two stacked rings to hold the sample; the 
contact between the two rings is at approximately the mid-height 
of the sample. A confining stress is applied vertically to the 
specimen, and the upper ring is pulled laterally until the sample 
fails, or through a specified strain. The load applied and the strain 
induced is recorded at frequent intervals to determine a stress–
strain curve for each confining stress. Several specimens are 
tested at varying confining stresses to determine the shear 
strength parameters, the soil cohesion (c) and the angle of 
internal friction, commonly known as internal friction angle ( ). 
The results of the tests on each specimen are plotted on a graph 
with the peak (or residual) stress on the y-axis and the confining 
stress on the x-axis. The y-intercept of the curve which fits the 
test results is the cohesion, and the slope of the line or curve is 
the friction angle (see Figure 1). 
Figure 1. Direct Shear test Aparatus and Plotted 
Direct shear tests can be performed under several conditions. 
The sample is normally saturated before the test is run, but can 
be run at the in-situ moisture content. The rate of strain can be 
varied to create a test of undrained or drained conditions, 
depending whether the strain is applied slowly enough for water 
in the sample to prevent pore-water pressure buildup. Direct 
shear test machine is required to perform the test. The test using 
the direct shear machine determinates the consolidated drained 
shear strength of a soil material in direct shear. [6] 
4. RESULT AND DISCUSSION 
Direct Shear testing has done with  a kind variations of 
gradations and clay contents. Load system diveded ibto with and 
without preloading. Soil properties results are gradation and 
spesific gravity. Primary test results of direct shear test is divided 
two. Firstly, samples is printed and then shear test without given 
an itnitial load (preloading). Secondly, printed samples in direct 
shear ring apparatus, load applied for at least 24 hours then 
shear test. Soil gradation categorizes as well-graded (WG), 
uniform-graded1 (UF), uniform-graded2 (UC), gap-graded1 (GF), 
and gap-graded2 (GC). UF is created from fine grain size of sand 
and UC from coarse grain size of sand. GF is created from well-
graded sand without one of coarse grain size and GC without one 
of fine grain size. 
A. Index Properties of Soils 
Table 2 show that range of uniform curvature (Cu) is wide, 
while curvature coeficcient (Cc) depend on different of grain size. 
Sand will categorize as well-graded sand if has value Cc more 
than 1 and value of Cu between 6 and 12. Spesific gravity of sand 
relatively constant for sand, not depend on gradation of sand. 
Meanwhile, spesific gravity is rising when clay was added in 
sand. The full result can be seen in Table 2. 
TABLE 2. Index Properties Soil 
Sand 
gradation 
Sand Clay (%) Gs
D10 D30 D60 Cu Cc 
Well graded    8.5 1.22 0 2.664 
Uniform (UF)    4.2 0.6 10 2.665 
Uniform (UC)    31.7 14.8 20 2.665 
Gap (GF)    46 18.7 30 2.666 
Gap (GC)    61.7 2.59 40 2.667 
        
B. Direct Shear Test Well-graded Sand 
Direct Shear test results for soils with sand contents have 
good gradation (well-graded sand), described in the following 
section below. 
Direct Shear Test Without preloading 
Samples weight 200 grams placed in Direct Shear Ring 
Apparatus, so that the dry density of soils are 1.55 gr/cm3 
(without compacted). Normal load applied and tested direct 
shear. Normal load put in on the samples were 10 kg, 20 kg, and 
30 kg. Direct Shear results can be seen in Table 3. 
Table 3. Direct Shear Test Result (without preloading) 
Sand (%) Clay (%) Friction angle 
(degree) 
Cohesion 
(kN/m2) 
100 0 41.34 0 
90 10 36.12 6 
80 20 31.19 7 
70 30 28.46 20 
60 40 26.5 27 
 
Fron Table 3, it can be seen that internal friction angle of the 
soil decreased with increased of clay content in the soil. On the 
other hand, raising level of clay in the soil is proportional with 
raising value of cohesion. 
Direct Shear With Preloading 
Preloading load of Direct Shear Test carried out on samples 
that placed in direct shear ring tool. Samples weight equals to the 
weight of samples without preloading (=200 gr). Load for 
preloading selecting is 1 kg, put in at least 24 hours and became 
overburden pressure at sample of direct shear area. Direct Shear 
test results for well-graded sand can be seen in Table 4 
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Table 4. Direct Shear Test Result (with preloading) 
Sand (%) Clay (%) Friction angle 
(degree) 
Cohesion 
(kN/m2) 
100 0 43.38 0 
90 10 37.21 6.6 
80 20 33.12 7.4 
70 30 29.63 20.5 
60 40 27.34 27.1 
 
From Table 4, it can be conclude that compaction will increase 
internal friction angle of the soil, while value of soil cohesion 
remains stable. In other words, the compaction affect to internal 
friction angle only. Relative density (Dr) risen, will increasing 
internal friction angle of the soil. 
C. Disscussion 
Internal friction angle of the soil has well-gradded used to a 
compare to a sample containing poorly graded sand (poorly 
graded sand and gap graded sand). For completed results of 
direct shear test will be discussed in the following section. 
Direct Shear Test Without Applied preloading 
Well-graded sand, soil internal friction angle decreases with 
increasing clay content. Soil samples consist poorly-graded sand 
or gap-graded sand, graphic form is fluctuated. All graphs 
containing poorly-graded sand has a maximum value on the 20% 
clay content. It occurs because the clay granules will fill the void 
formed by sand [7]. So, volume of void decreases and cohesion 
of clay has a better position of particles distribution. The value of 
internal friction angle of the soil down relative linear of clay 
content over 20%. Additional clay is less than 20% causing 
internal friction angle of the soil to be down. This possibility 
additional of clay make friction between sand is reduced due to 
clay with water made slippery and formed sliding surface [8], [9]. 
Results can be seen in Figure 2.  
 
Fig.2 Direct Shear Result without preloading 
Direct Shear Test With Applied preloading 
Value of California Bearing Ratio (CBR) of soil embankment 
e.i clayey sand has the highest price on clay content between 10 
% to 30% (Ningsih, 2010) [10]. Graphic form for direct shear test 
results with preloading (Figure 3) typical same with the graph of 
direct shear tests without preloading (Figure 2). The difference is 
only seen on the value and curved lines on clay content of over 
20%. 
In general, the value of internal friction angle of compacted 
soils by preloading higher than soil without preloading. All applies 
for soils with well-graded sand and poorly graded sand (e.q 
unifrom graded sand and gap graded sand). The difference value 
of internal friction angle of soil between clayey sand with and 
without preloading is not the same. It because of the inluence 
sand’s gradation and clay’s content of the soil. There is no 
composition of sand and clay that makes internal friction angle 
higher than compacted soil. On the other hand, there is clay 
content in soil made internal friction angle of the soil decreased.  
Figure 3 describes fluctuation of internal friction angle with 
preloading in several clay contents and gradations.  
 
Fig.3 Direct Shear Result with preloading 
Differences of internal friction angle between soil with and 
without preloading for well-graded sand and poorly-graded sand 
shows in Table 5 
Table 5  
Clay 
content 
Uniform
graded1 
Unifom 
graded1 
Uniform 
graded2 
Gap 
graded1 
Gap 
graded2 
0 % 2.04 3 0.8 1.2 0.2 
10 % 1.09 0.9 0.44 0.3 1.3 
20 % 1.93 2.01 0.2 0 0.3 
30 % 1.17 0.9 0.28 1.15 0.7 
40 % 0.84 0.8 0.78 0.9 0.6 
 
RESUME 
The results showed effect of gradation and density on soil 
shear strength. Soil with well-graded sand and dense has good 
shear strength, in the other hand shear strength decreased when 
the gradation and density became lower. The addition of clay will 
increase cohesion and decrease internal friction angle 
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The Analysis for Trip Generation of High Schools on Cihampelas 
Street Bandung 
Tania Bonita Sabrina*, Tan Lie Ing 
1Civil Engineering Department, Faculty of Engineering, Maranatha Christian University, Bandung 40164,  Indonesia 
Abstract: Schools experience trip generation that often leads to a high volume of traffic at peak hours, especially during the beginning 
and the end of school hours. This can be prevented if the site selection is done by considering the trip generation which estimates the 
number of transportations dropping-off and picking up students. 
This research identifies factors influencing trip generation and analyzes a trip generation of private cars, motorcycles, and public 
transport at the following schools on Cihampelas Street, Bandung, that is SMAN 2, SMA Pasundan 2, and SMA Pasundan 8. 
The data analysis uses multiple linear regression. There are two models obtained. The model of dropping-off vehicles is Y = 2,060 – 
1,145 X8 + 0,471 X16 and it shows that dropping-off vehicle movement is influenced by the comparison of the number of high school 
students and the area of school (X8) and the comparison of the size of class and the area of  school (X16). The model for picking up 
vehicles is Y = 0,505 + 0,529 X3 + 0,189 X16 and it shows that picking up vehicles movement is influenced by the area of school (X3) 
and the comparison between the size of the class and the area of school (X16). Both models can be used to predict the rise of traffic 
generation. 
Keywords: Senior High Schools, Trip Generation, Models, Multiple Linear Regression.       1 
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A Clustering Study - Steps to Protect Groundwater Resources 
Tatas*, Yuyun Tajunnisa and Muhammad Hafiizh Imaaduddiin 
Civil Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya  60011, Indonesia 
Abstract: Clean water – as a basic human need - must be easy to be accessed and to be consumed. However, one of main problem 
faced by a human in their life is the water scarcity. Nowadays, Indonesia’s big cities also deal with this problem which is difficult to fulfill 
clean water need. Moreover, the reality can be found that many Indonesian still could not get clean water. Population growth and the 
development of economic activities such as industry, agriculture and development in various sectors contributed greatly to the pollution 
and taking the quantity of water that ignores of hydrological cycle. This paper aims to identify groundwater problem and clustering 
identification alternative strategies and projects. The method to gain this goal is by literature study with some steps. The steps are by 
identifying water resources problems, construction a problem tree, building an objective or solution tree, and clustering components as 
alternative strategies and projects. In  conclusion, four clusters can maintain groundwater scarcity which consist of sustainable water 
resource management, technology application, coastal regulation, and basin conservation. 
Keywords: Groundwater Resource; Groundwater Scarcity; Objective Tree; Problem Tree.       1 
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1. INTRODUCTION 
The availability of clean water as a basic human need must 
be easy to be get. Recently, the water scarcity is one of human 
life’s problem in many countries, including Indonesia. Some big 
cities in Indonesia are facing this problem. The reasons are high 
population growth and the un-responsible development of some 
sectors which is not saving the environment. Those contribute 
greatly to the water pollution and hydrological cycle damaging.  
Indonesia has more than 400 groundwater basins, which 
divided to unconfined and confined aquifer [1]. Potency of 
unconfined aquifers is 496.217 million m3/year and confined 
aquifers potency is 20.906 million m3/year. Nevertheless, 
groundwater exploitation created new problems in some cities in 
Indonesia. Land subsidence caused by groundwater extraction 
has occurred in Medan, Jakarta, Bandung, and Semarang using 
interferometric synthetic aperture radar (InSAR) time-series 
analysis of ALOS L-band SAR data. Those extractions is for 
industrial purposes while groundwater extraction for agriculture is 
considered responsible for the decrease of around Pekalongan 
and Blanakan. In others words the soil surface at a rate of up to 
22.5 cm/year [2]. Previous study, land subsidence in Indonesia 
was observed by other researchers [3,4,5,6].  
Reference [7,8] have presented water resources in coastal 
regions are affected by various factors, i.e. population growth 
coupled with urbanization, seawater intrusion, improper treatment 
wastewater, overexploitation and unsustainable management. In 
Jakarta, the rapid increase in population followed by the 
excessive groundwater pumping has caused problems such as 
contamination of ground water related brackish water in coastal 
areas and land subsidence. That study is adopting several 
hydrogeochemical techniques to show the groundwater flow 
system in Jakarta [9]. Although almost all of the existing 
groundwater in the basins at Jakarta recharge on the same level, 
but water quality and residence time showed a clear difference 
between the shallow and deep aquifer. That research also found 
that the intrusion of sea water and mixing of shallow and deep 
groundwater, this conclusion was confirmed by the primary ion, 
the ratio Br: Cl, and analysis of chlorofluorocarbons (CFCs) -12 
[9]. After Sidoarjo Mud Tragedy happened in 2006, causing 
decrease in the ground water quality. The Hydrochemical 
analysis by Piper diagram showed three groups of groundwater 
faces the first is chloride-bicarbonate, bicarbonate chloride and 
chloride facies [10].  
 
The world's consciousness about the importance of water for 
life has started many years ago. One of which is the Dublin 
Principles 1992 which states that water is a single and finite 
resource, water management and development should include 
stakeholders, water is an economic good, women play a central 
role in management and conservation of water [11]. Many 
concepts to manage water has been promoted by water 
management stakeholders, such as Integrated Water Resources 
Management (IWRM) [12]. 
Based on this background, it can be seen that many problems 
in groundwater such as pollution and based on Dublin Principles 
that water is a single and finite resource. Therefore, this paper is 
to propose a thought to understand water resources, especially 
groundwater and aim to identify groundwater problem and 
clustering of alternative strategies and projects in groundwater 
sustainability. 
2.  METHOD 
The method used this study is the literature study with some 
steps. Firstly, identifying water resources problems. This problem 
analysis was defined as a  technique to analyze the existing 
situation based on given condition, to identify the major and core 
problems of a situation, and to visualize the cause-effect 
relationships in a problem tree diagram [13,14].  A classic 
problem tree is seen two poles, which are effects of the problem 
(top/branches) and causes of the problem (bottom/ roots), its 
connected by problem being investigation as in [15], and location 
of a problem does not denote the grade of its importance [14]. 
Word “why” is used to develop a problem tree [16,17,15], "why 
does that situation occur" and continue until solution is found [15]. 
Next step, building a objective or solution tree which is same 
structure with problem tree, but in this step positive statements 
replacing negative statements on previous step as in [18,15,14], 
and the "objectives" must realistic to achieve and desirable 
solution in an acceptable time frame [14].  
Later step is by clustering components as alternative 
strategies and projects. All steps mentioned is very effective if 
involving the stakeholders such are government and non 
government organization, experts, industry, communities, and so 
on. 
The result of identification was made a problem tree which is 
as a center of investigation is groundwater scarcity. As roots, 
causes of problem are divided to two main causes which are 
groundwater quality degradation and groundwater quantity 
decrease [19,20]. Indication of groundwater quality degradation 
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can seen in the surface water body (e.g. river and lake) and 
pollutant in the subsurface because unwell industrial waste 
treatment, un process household waste, excessive fertilization in 
farmland, mangrove land degradation as in [21] and excessive 
groundwater withdrawal in coastal region. The last two, that 
mentioned before, cause seawater intrusion.  
Whereas groundwater quantity decrease is caused by higher 
demand than its recovery. Groundwater recharge needs tens, 
hundreds even thousands years to recovery, if in the same time 
in same basin excessive groundwater exploitation is done. 
Recharge area decrease is influenced by land use changing, e.g. 
forest converts to settlement and farmland. The impact of this 
condition is infiltration decrease, which is the next effect is 
groundwater recharge is limited. If two main indicator of 
groundwater is disturbed, the availability of groundwater will be 
scarcity. The effects of groundwater scarcity, due to groundwater 
declining, in environment are land subsidence as in [22,23] and 
drought. Correlation between a groundwater drought with 
groundwater storage output can be identified based on in situ 
groundwater observations [24]. Calculation of drought can be 
seen on [25,26,27,28,20]. 
 
Fig. 1. Problem tree, groundwater scarcity as core problem 
Objective tree for groundwater scarcity is becoming 
groundwater conservation by changing negative condition 
convert to positive situation, such as monitoring and improving 
industrial waste treatment, household waste processing, 
fertilization on farmland wisely, mangrove land conservation and 
balancing groundwater withdrawal with its potency, especially in 
coastal area to facing saltwater intrusion. That all actions is to 
protect groundwater from pollutant. To produce and to increase 
reserves quantity of groundwater is by balancing groundwater 
exploitation with its potency and maximize absorption of rainfall 
by conservation of recharge area. Calculation of groundwater 
recharge can be using large lysimeter as in [28], RORA model as 
in [29,30,28], Water-table fluctuation method (WTF) as in [21,28], 
and so on [28]. 
Next step is identify alternative strategies and projects based 
on the objective tree. Clustering is needed to make strategies 
and project simpler. First cluster is improving quality and produce 
quantity of groundwater, as sustainable water resource 
management. These are main idea to maintain groundwater in 
well capacity. Information about quality and quantity can be 
monitored by Geographic Information Systems. This system is 
not only monitoring groundwater but also controlling groundwater 
system. Reference [31,333] have presented a problem tree of 
watershed management in Indonesia focused in participation of 
society, government, and political will. 
Second cluster is technology application which are monitoring 
and improving industrial waste treatment, household waste 
processing and fertilization on farmland wisely. Third cluster is 
coastal regulation which are controlling sea water intrusion, 
mangrove land conservation as in [34,35] and balancing 
groundwater withdrawal in coastal region. In this cluster, 
regulation is to control the transition of mangrove areas into 
settlements where the problem is becoming the central issue in 
densely populated cities. Policy related to the restriction of 
exploration of groundwater in coastal area also must be done, 
this part is not easy since it is difficult to monitor groundwater 
exploration. 
 
Fig. 2. Identification of alternative strategies and projects and 
objective tree (without dotted line) 
And the last cluster is basin conservation which are balancing 
groundwater withdrawal, recharge area conservation and 
increasing infiltration. Recharge area conservation is by 
construction of artificial recharge as injection well, water surface 
reservoir, maintaining recharge area region and land changing 
regulation. 
3. CONCLUSION 
To understand problem in groundwater scarcity is by using 
some steps to analysis the problem which consists of involving all 
stakeholders to identify groundwater problems, construction 
problem tree, making objective tree by changing negative 
condition in problem tree into positive situation, and identifying 
alternative strategies and also projects based on previous step. 
The first cluster is improving quality and produce quantity of 
groundwater, as sustainable water resource management. The 
second cluster is technology application which are monitoring 
and improving industrial waste treatment, household waste 
processing and fertilization on farmland wisely. The third is 
coastal regulation which are controlling sea water intrusion, 
mangrove land conservation and balancing groundwater 
withdrawal in coastal region. The forth is basin conservation 
which are balancing groundwater withdrawal, recharge area 
conservation and increasing rainwater infiltration.  
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Abstract: As users of a design, human factor is important to be considered so that design can be well functioned. In the context of a 
city, planning and design of spaces needs to be aligned with the character and needs of the citizens, thus overall expected function are 
able to work well. Social problems such as dead spaces can be avoided.  
In cities where the number of university students is significant, students’ characteristics indirectly determine the development and 
atmosphere of cities. Malang is one of the education cities, which has increasing number of university students each year. Thus, the 
characteristics and activities of students, also the trending phenomenons need to be explored for the city planning especially around 
the education areas.      
This study intends to reveal on the phenomenon of ‘nongkrong’ or hangout at night time which occurs in recent years which is 
considered as a lifestyle among universities students in Malang City. The method used is qualitative research through interviews and 
observations, to map the physical and spatial characteristics of places that become favorites among the students and various activities 
carried out. The result of this study contributes to the city design particularly in education area or campus and surrounding 
neighborhood to support education activities and purposes.   
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1. INTRODUCTION 
Human factor as the user of the design is one of the important 
factor that should be considered in every design process. 
Observation of the characteristic of the user as well as the 
culture, habits, and activities is an absolute things to do so that 
every detail of the design can works well as the initial function that 
have been planned before. This also happen in the urban design. 
When everything designed in accordance to the characteristics 
and the needs of its citizen, all of the expected function of urban 
space will be working properly. Social problems such as dead 
spaces can be avoided. 
Students are one of the groups of people who inhabit the city. 
In cities that are designed as a city of education, such as Malang, 
the number of students to be very significant so that its presence 
will greatly affect the shape and activity in the city. As a city of 
education, Malang is the location of 62 educational institutions 
include Publik Univesity, Private University, Academy,  and 
Polytechnic (Ngalam.net). The large number of students studying 
in Malang city every year to make the number of students in the 
city has become very significant. The significance of the number 
of students in the city as well as their following range of activities, 
inevitably affect the development of this city indirectly. 
So far, the function of urban area around Universities in 
Malang has been developed and transformed spontaneusly 
without prior planning. These transformation occurs due to the 
needs and activities of the University students that lived 
there.Some examples of these  transformations  is the changing 
function of residential areas around campus into boarding 
houses, stalls, and store. 
Since the last few years, there are new trend of activity that 
occur among University students In Malang. This activity is hang 
out at night or popularly known as ‘nongkrong’. These activities 
are conducted in groups and occupies several points in the city 
including the bridge crossing and sidewalks, especially located in 
the area around the campus. Gradually, these trend of activities 
seen by some people as a bussiness opportunity. Various types 
of ‘nongkrong’ places then spread widely ranging from informal 
coffee shops that occupied the sidewalks to some restaurants 
and café shops. In other words, the trend of student activities that 
occurred in the city of Malang has been take a role in changing 
the face of the city. 
Trend student lifestyle is of course helped revive the 
atmosphere of the city in the evening .. Most people see this 
hanging activity as something negative .. The negative views 
often arise because students were hanging considered simply a 
waste of time. Activity hang out in the café is also often 
considered a consumptive lifestyle that is not supposed to be 
possessed by students-young people who in fact is still 
dependent on the needs of parents. Architectural and urban side, 
the activities of temporary coffee shop on the sidewalk disrupt 
pedestrian traffic. Another thing is the lack of parking spaces 
complained specifically that ultimately acquire the road. This is 
certainly cause congestion, especially on weekends where traffic 
activity is always more dense. 
These trends of activities of course take a part in reviving the 
atmosphere of the city especially at night. The fact is that these 
activity of ‘nongkrong’ does not alwas seen as a positive things to 
do. Some people seen is just as a waste of time. Others seen 
hanging-out in café’s activities as a consumtive lifestyle that 
should not be done by students that are still depend on their 
parents to earn their life. 
Some research about the phenomenon of ‘nongkrong’that 
occurs among university studets had been done in some cities 
including Yogyakarta (Liata, 2009), Lampung (Aprilia & Hartoyo, 
2014) and Surabaya (Novitasani, 2014). Those research findings 
revealed that the life style of ‘nongkrong’ is not only happen in 
Malang but also becoming trend in many cities in Indonesia. 
Those research focus on the field of sociology, mainly disscussed 
about the reason behind the emergence of ‘nongkrong’s life style 
among students. Research in the field of architecture and urban 
design which related to the characteristic choosen as the location 
of nongkrong have not been done yet. 
This paper aims to look more closely at the phenomenon 
of nongkrong as a new lifestyle of students. Observations and 
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interviews were conducted to map out what activities are going on 
the activities of ‘nongkrong’, the reasons for the occurrence, and  
characteristic of the place chosen as a place to hang out 
(nongkrong). The results of the study are expected to provide 
input design and function planning of the city in the area around 
the campus. 
2. RESEARCH METHOD 
Primary data in this study obtained through field observations 
and interviews. Observations carried out to map the places in 
Malang are widely used for 'nongkrong' activities. Interviews were 
conducted with an open-ended questions asking about the 
reasons of nongkrong, kinds of activities that occured during the 
nongkrong's time, and why they choose a specific place for 
nongkrong. The sample for interview will be selected randomly 
selected sample by choosing the first people to be found in 
certain locations of hangout. 
The analysis is conducted qualitatively by categorizing similar 
meanings from the answers of the interview that conducted on 
students. Analysis will be focused on goals related to the fields of 
architecture and urban planning that is to know the characteristics 
of the selected favorite hangout's (nongkrong) places and 
activities that occur in it. 
3. LITERATURE REVIEW 
A. The Unique Characteristic of  University Students 
University students  are a group of students studying in the 
college. Judging from his age, bachelor degree students have 
ranged in age from 18-24 years. This phase by Hurlock (1996) 
are classified in a transitional phase between the late teens to the 
young adults. 
Biologically and physiologically, this group experienced a 
phase of transition from adolescence to independent adult. 
However, the educational process in its path causing bachelor 
degree students is still in the peer, and therefore, according to 
Hurlock (1996) bachelor degree students will still follow the lines 
of adolescent behavior.  The prominent characteristic in the 
adolescent phase is a social behavior, ie, peers or friends in the 
same activity has a very important meaning. Groups of friends or 
groups of such activities generally affect the behavior and values 
of individuals who become members. (Hurlock, 1996). 
Students is a group of people with a distinctive character. 
Student learning activities each day requires high concentration 
and a good mood in order to achieve the success of the study. 
Therefore as a counterweight, it takes a favorite activities on his 
favorite places as an interlude. Interlude activities in favorite 
places can restore emotional stability conditions. Besides, these 
also reduces stress and refresh the mind, and finally increase the 
concentrations. Based on further studies conducted by Korpela et 
al., 2001, it is known that the favorite place have the quality of 
restorative and self-regulation. Cognitive and emotional 
experience gained during the activities at a favorite place to serve 
as a response to stress and fatigue of mind due to the tension of 
everyday activities (Korpela et al., 2001). 
The activity of 'nongkrong' that done  by students may occur 
as an effort to reduce  the stress that caused by everyday 
activities. If this is the case, the spatial mapping of the physical 
characteristics of the student's favorite places to hang out 
(nongkrong) is something important due to its restorative effects 
B. Characteristics of  Students Favorite Places 
Favorite place is described as the place that is aesthetically 
attractive and offers an escape from the pressures of everyday 
activities. At the place someone would be able to freely express 
themselves. On his favorite spot, one can really feel the pleasure 
and enjoy the atmosphere (Chapman & Robertson, 2009; Korpela 
et al, 2001). Research has found that doing activities in a favorite 
place has the ability to provide restorative benefits that can make 
a person more relaxed and thus the mood and emotions become 
better (Korpela et al, 2001). 
Hurlock (1996) stated that the daily activities of students 
caused him still affected adolescent habit, where they assume the 
existence of a friend as something important. Several previous 
studies on restorative place for teenagers has been done by 
(Atmodiwirjo 2008; Duzenli et al., 2009). These studies state that 
places that have teenagers as a favorite place to accommodate 
social activities with friends. These results correspond well with 
the results of research conducted by Sari, et al (2012) about the 
favorite places that provide restorative effect for students in 
Bandung. Results were expressed stating that the three major 
categories of favorite places that can affect restorative students 
are malls, open spaces, and a hobby room. Mall preferred 
because it provides a variety of different activities of daily activity. 
Open space chosen for the quality of its place, while the den been 
selected for providing venues and facilities for activities like 
student. 
C. Preferences Toward Physical Characteristics Of Spatial 
Environment 
Jahn Gehl (1986) states that it is basically in public places, 
there are three categories of activity that may occur. The third 
category is the functional activity of these activities (Necessary 
activities) that was planned on the spot, the secondary activity 
(optional activities), as well as social activities (Gehl, 1986). In 
areas with poor design quality (poor quality public space) will 
occur only functional activity alone, with some possible secondary 
activity. Instead of public places that are well designed (high 
quality public space) can encourage someone longer at the place 
(at home), and visit them frekuentatif, so that a secondary activity 
and socialization will be more likely to occur. 
Several studies have been conducted to determine the 
preferences of the quality of the visual, physical and spatial 
environment, among others, have been conducted by Berlyne 
(1960, 1974), Whyte (1980), and Nasar (1997). Berlyne (1960, 
1974) conducted a study to determine the factors that influence 
the preference for the aesthetic quality of the environment (Bell et 
al., 1996). These factors include variations of the constituent 
elements of the environment (complexity), their novelty or 
elements that have never been seen before (novelty) and the 
existence of elements that provide an unexpected surprise 
(suprisingness). On the scale of the city, the environmental 
factors that influence the preferences described by Nasar (1997) 
as the natural impression (naturalness), well maintained condition 
(upkep / civilities), the openness of the room (openness), the 
historical value of the environment (historical civilities) and order 
(order) , While Whyte (1980) adds the presence of seating, and 
food vendors as two of the factors that led to an open space be 
preferred. 
D. RESULT 
From the observations that have been made, some of the 
locations chosen by the students as their favorite place of 
'nongkrong' can be categorized into three categories as  follows ; 
1) the public facilities, such as a sidewalk curb, side of the bridge, 
and city parks; 2) the informal coffe shops ; 3) café or 
restsaurants. The activity of 'nongkrong' started  at 19:00 pm until 
late at night. Some examples of public facilities that been 
choosen for 'nongkrong' is the sidewalk in front of Brawijaya 
University (Jl. M.T Haryono); Sukarno-Hatta bridge; The sidewalk 
ahead Politeknik Negeri Malang (Jl. Sukarno-Hatta); city park (Jl. 
Jakarta), Merjosari city park and alun-alun bunder.
The result of interviews show that the main reason why public 
facilities was chosen as one of favorite place to hang out is 
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because the students does not have to spend any money to hang 
out here.  It is a free of charge place, while they can do anything 
there. The next reason is because of it openness characteristic of 
this place. Some activities that happened in such places are 
chatting, sitting and waiting for a friend. Sidewalks and bridge 
tend to be choosen as a meeting point, where the students 
agreed to meet before heading to the next hangout places. 
Hangout activities undertaken in the sidewalk and the bridge 
usually does not last for a long time. Approximately just about  1-2 
hours. In the other hand, hanging out or 'nongkrong' activities that 
occurred in the city park tended to last more than 3 hours. These 
results findings are consistent with what is stated by Atmodiwirjo 
(2009) that places although not designed for particular activities, 
such as sidewalks and bridge has a chance to be a gathering 
place because it offers the possibility of many activities. 
Informal coffee shop is one of the favorite places chosen as 
the hangout places. The informal coffee shop usually take place 
in the sidewalks, or take place in some open space like yard or 
car park. Some examples of informal coffee shops that chosen as 
favorite are in Jl Sukarno Hatta (in front of Krida Budaya), 
informall coffee shops in Jl.Jakarta, and In the yard of SOB. The 
sidewalks informal coffee shops is often seen as a problems for 
the city because it occupied the main function of the sidewalks 
and often lead to a traffic jam. 
Figure 1. Informal Coffee Shops Occupying The Sidewalks 
in Jl. Sukarno-Hatta Malang 
Source: Researcher’s documentation (2016) 
The main reason why students choose this place as one of 
their favorite location to hangout is because its relatively 
inexpensive. Besides, they can stay there and doing some 
activities for quite a long time without afraid of being expelled. 
This place again, have the openness quality so that students can 
have various things to be seen. In this hangout locations, 
students spend much more time than that happen in a public 
facility. The activities occurred are also more diverse. At this 
place, in addition to chat with friends while eating or drinking, 
students used to play cards and play guitar. At certain locations 
such as informal coffee shop in Jl Raya Tlogomas, vendors 
sometimes set up the screen as a means to watch movie or 
match together. This is certainly also a pull factor that make the 
students to stay last longer in these areas. 
The last cathegory of favorite hangout place is café. The café 
is a business that proliferated in the city of Malang, since 3 years 
ago. A wide variety of café concept offer a wide selection of 
interesting facilities. The location of cafe in Malang mainly located 
along Jl. MT Haryono, Jl. Sukarno Hatta, jl. Gajahyana, and 
Jl.Jakarta which is around the big campuses of the city of Malang 
(Universitas Brawijaya, University of Malang, Malang State 
Polytechnic, and the National Institute of Technology). The café 
offers a variety of distinct uniqueness ranging from various types 
of food, café interior that designed specifically so it is interesting 
to take pictures, their free-wifi, to the live music provided by the 
café certain special days. in order to be able to hang out in cafes, 
of course, the student must pay more than if they choose to 
hangout on the sidewalk, park, or sitting on the floor roadside 
café. The operating hours of the café was generally limited, 
except in certain places are open 24 hours. The reason students 
chose this place among other things because it is convenient, 
unique design, the food is good, and there is free wifi. Some 
students even take advantage of free wifi to browse the material 
assignment. They need a fast internet connection to perform 
tasks where these activities can not do on campus at night, 
because the wifi campus were turned off at night. 
E. DISCUSSION 
It was found from the interview that the main reason of 
'nongkrong'  is to relieve stress. Restorative effects gained from 
these activities become important so that the students can avoid 
the stress that comes from everyday activities. Considering this 
needs, the city government and also the campus needs to give 
special attention in creating some place that meets the needs of 
students. 
For students, hanging out with friends while chatting and 
playing cards are the most convenient means to be relaxed from 
the fatigue that caused by the daily activities. Students usually wil 
go 'nongkrong' with their friends whenever they have free time. It 
means being together with peers is the most important thing for 
students. This is consistent with the results of previous research 
by Hurlock (1996); Duzenli (2009); and Sari (2012) which states 
that the presence of a friend or a community is one of the 
important things that can give restorative effect for students. This 
indicates that one of the criteria that must be considered when 
designing a place for this needs are accomodate the activity of 
interactions. The seating configuration that designed for this kind 
of place should be set up in the configuration that are comfortable 
for interaction. 
Openness is one of the spatial characteristics which being the 
main reason why students choose a specific location as a 
hangout place. Openness of the place may lead to a free feeling 
as well as not being confined. In addition to that, opennes offers 
various things to be seen compared to an enclosed place.This 
findings is consistent with that stated by Nassar (1997) and Sari, 
et al (2012) in their research. Nassar (1997) mentioned  that the 
openness of the place is one of the determinants factor of 
preferences on an urban scale. While Sari et al (2012) stated that 
the reason students choose a place with theopenness quality is 
due to the chance to see and be seen. From this place young 
adolescence can see many scenery, and on the same time they 
have a chance to be seen by other people (ngeceng). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Openness Quality in One of The Informal Coffee Shops 
Source: Researcher’s documentation (2016) 
Affordability and and the chance to stay at any time and any 
longer without worrying of being expelled are the two main 
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reasons why students choose public facilities, and the informal 
coffee shop as their favorite location to hang out. This is most 
likely because students are the ones who still largely dependent 
on the income of the parents, so they need to be economically 
wise in  order to be survivein a month. On the other hand, the 
need of hang out with friends are also considered important, but 
they can not spend too much to finance such activities. So as a 
middle path they choose a more affordable place, or going to a 
place that do not even need to spend any money.  It can be 
concluded that for this group of students, the activity and the 
existence of the group is the main thing that is needed to get the 
restorative effects, while the quality of the place was no longer so 
important. 
In the other hand, the reasons why students choose the café 
as their place of nongkrong are  in accordance with the results of 
Bell et al, (1996) about the preference for the aesthetic quality of 
the environment. Unique interior design that  are not easily found 
in every day activities offer a sense of novelty or elements that 
have never been seen before (novelty). The existence of 
additional amenities such as free wifi is also one of the facilities 
that attract students to choose a particular cafe as their place of 
nongkrong. It can be said that the group of students who choose 
to hang out at a cafe choose the quality of place as well as the 
presence of their friends in that place as a means to get the 
restorative benefit. 
Whyte (1980) stated that the presence of seating places and  
foods are the things that drives human to gather in one place. 
Whyte's theory also applies to the results of this study. It is found 
that the public facilities such as sidewalks and bridge where there 
is no food to eat nor place to sit, hang out activity ends earlier 
when compared to that occurred in informal coffee shops. In other 
words, the existence of seating and food is an important 
supporting factor that makes people feel welcome and 
comfortable 
Another interesting thing found in the study is that through the 
activity of 'nongkrong' is that there are so many topic that being 
discussed by students with their community. Not only jokes and 
gossips, but also some discussion related to hobby and 
bussiness. Some works in creative industry may begin from the 
activity of 'nongkrong'. This indicates that the activities of hanging 
out, is not necessarily synonymous with 'waste of time' as the 
stigma that often occur in people over the years. It also 
corresponds with the the statement that made by Ridwan Kamil, 
The Mayor of Bandung. Ridwan Kamil said that creativity of 
Bandung has begin from the activity of 'nongkrong'. Thus he plan 
to provide some public space to facilitate the 'nongkrong' activities 
in Bandung. 
Malang has many characteristics in common with Bandung. 
Both Malang and Bandung are located on cool temperate 
highlands. As well as Malang, Bandung is also a city of education, 
where a number of Higher Education Institutions are located. 
Therefore it is possible if young students in Malang has a creative 
potential which is equal to Bandung. So far, the activity of 
'nongkrong' in Malang are only seen as a comodity, without being 
facilitated well by the goverment nor the campuses. just seen as 
one of the consumtive behavior among the students. It will be 
such a new hope if the government of Malang has the willingness 
in taking place to facilitate this activity like what the mayor of 
Bandung has done in his city. 
Locations of 'nongkrong' generally found in area around the 
campus. These data are also consistent with the results of 
previous research by Sari et al (2012) about the student's favorite 
places in Bandung. Proximity to campus is one of the main 
reasons why students choose their favorite places. The results of 
this study provide some insight for the city government about 
activity function that suitable to be planned in area  around the 
campus. Likewise, the results of this study also provide feedback 
on the planning of function and campus design that can 
accommodate the needs of students 
F. CONCLUSION 
Phenomenon of 'nongkrong' that occured among university 
students in Malang has happened as a means of stress and 
fatigue relieving because of daily learning activities. Three 
categories of location that were chosen as the place where group 
of students usually hangout or 'nongkrong' are public facilities 
(sidewalks, city parks, and bridge), informal coffee shops, and  
café. Public facilities and informal coffee shops were chosen 
because it offers a free hanging activity without a limited time with 
a very affordable cost. While a café were chosen for comfort and 
amenities offered. In the three categories, the existence of a 
group (friends) is an absolute things to exist so that students can 
obtain restorative effect. 
Beside its restorative effect, the activities of 'nongkrong' also 
have other positve impact. These activities often become a facility 
that fosters creativity and  collaboration among the youth. 
Therefore, designing something to acommodate these activities 
becomean important idea that shold be considered by the 
government and campuses's stake holder. 
Openness, the presence of seating places with the 
configuration which promote interactions, the presence of food 
vendor, and location that are around the campus are the main 
spatial-physical characteristics that must be met for the provision 
of activities planned for the students hangout places. Provision of 
additional facilities such as free wifi and the unique design of the 
place will be an added value so that a group of students will feel 
comfotrable in that place and visit it repeatedly. Above all, a place 
for students should be be affordable for the student pocket. 
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Abstract: In Indonesia, bamboo is widely used as a construction material especially for non-permanent building, such as kiosk, or 
temporary shelter. That building demand a structure that easy to move (portable), easy to construct (knock down) and easy to duplicate 
(modular).Fulfilling that demands,  Yenny Gunawan and the team, develop an idea of bamboo folded frame structure in the shelter 
design, called ‘Geladak Lipat’ which was build in Kartinstalasi Event at Rembang, Middle of Java (2015). The main idea is a s tructure 
which can be unfolded while it’s used, and folded which it’s stored or moved. By this project, we researched about the construction 
system for that structure. This experimental research was done in 3 phase. Firstly, experimental structural design process through 1:50 
scale model. Secondly, experimental design of construction system through 1:1 scales structural mock-up. The third phase is 
constructing the whole building. By this research, the bamboo folded-frame structure is obtained by double post construction system 
with bolt and nut. In order to simplify the process of folded and unfolded the structure, we have to minimize the number of bolt and nut 
which is pulled out and refitted. This system can fulfill the demands of the structure that is portable, knock down and modular. 
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1. BAMBOO FOR CONSTRUCTION 
Bamboo are perhaps the most primitive subfamily of grasses 
which can be found in many area, especially in equator area. 
Indonesia is one of the equator area which grows so many 
genera of bamboo. This condition effects people can find 
bamboo material easily and apply it as a building material.  
According to Dansfield on Plant Resources of South Asia 
No.7 about Bamboo, there are 60 species of bamboo in 
Indonesia. All of the bamboo can be found in lowland until 
highland about 300 above sea level. Bamboo grows in the open 
field which is free of puddle. From 1000 species of bamboo in the 
world, 200 of them are grows in South East Asia.   
Bamboo is one of the well known local material in Indonesia. 
The utilization of bamboo as a building material has been done 
for centuries. People use bamboo as a material for their 
traditional houses of Indonesia. Some of them are Baduy 
traditional house from Banten and Tongkonan traditional house 
from Toraja, South Sulawesi.    
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Traditional House of Baduy 
Bamboo is a light local material. As we can see in figure 2, 
one culm consist of nodes and internodes. One pole of bamboo 
generally hollow, just some nodes works as a diaphragm for its 
brace. The hollow has different length, depends on the species of 
the bamboo and the position in the culm. The distance between 
nodes determines the suitable position for cutting the bamboo 
stem. 
Fig.2. Section of bamboo pole 
It is possible to make a portable building by using a light 
material, especially in a small scale building, such as non- 
permanent shelter or kiosk. The building can be constructed and 
utilized as they please. After they have finished utilizing the 
building, it can be disassembled, fold, and stored away (knock-
down system). This practical building is expected to allow the 
community to reproduce the same building as much as they need 
(modular system). 
2. ‘GELADAK LIPAT’ 
The idea that bamboo has a possibility to be used as a 
building material that can create a portable, knock-down and 
modular building, was developed by Yenny Gunawan1 and her 
team, in the form of bamboo folded frame structure. This 
structure idea has been materialized in as a shelter design called 
‘Geladak Lipat’ 
Geladak Lipat is a building base on 2 main ideas. There are 
Geladak and the form of an ancient boat. Triangle form taken 
from the roof of Geladak and become the main structure that can 
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be folded. The triangle structure also taken a role as a main 
structure for the chair that used by the community. People can sit 
on the chair and lean back by the curve design of the building. 
The curve design taken from the ancient boat that is found in this 
area.  
          
                          Fig.3. Geladak lipat 
 
            
Fig.4. Geladak traditional building and site of ancient boat 
This bamboo shelter is designed to accommodate ever-
changing need of the local community. Consequently, this shelter 
can be extended, relocated, redeveloped, and remanufactured 
by the community. That’s why the detail of construction of this 
shelter designed as easy as possible, so the community can 
reproduce more of them one day 
3. EXPERIMENTAL STRUCTURE DESIGN PROCESS 
(MODELING) 
 
 
 
 
 
 
 
 
Fig.5. Structure modeling 
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
         
Fig.6. Digital 3d modeling 
 
 
Fig.7.Digital 3d modeling (folding frame) 
There are some shortcomings in this process. The model that 
was made is not the same condition than the real on-site 
construction. Bamboo in reality are slightly curved, different from 
the straight member in the model. 
But, from this process, the realization of the structure concept 
was made clearer than ever. Gunawan and the team can decide 
which part that need 3 pole of bamboo and which part need 2 
pole of bamboo from the triangle form of structure. The number 
of poles was determined by the load that it’s part carries and the 
formation of making its folded system. Another issue that can be 
found is about the joint of the bamboo, which need a combination 
between 3 poles of bamboo, 2 poles of bamboo and a single pole 
bamboo.  
After this modelling process, Gunawan and the team can 
have determined the bamboo pole configuration to make the 
folded frame structure. However, there are some weakness 
about the dimension of bamboo, which in real construction will 
not be constant in diameter. 
4. EXPERIMENTAL 1:1 SCALE OF STRUCTURAL MOCK UP
After the modeling and digital modeling was done, the next 
design step is experimental to make mock up structure. The 
folded structure frame made in 1:1 scale with the connection and 
join that was planned before.  
In this experimental process, Gunawan and the team 
discovered some potential technical problem that will happen in 
the real construction. For example, the tip of the bamboo poles 
were supposed to converge with one another.  
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Fig.8. Connection on the top of triangle 
This problem solved by making an adu manis2 cut on the top 
of the triangle. In the process of making adu manis need a 
special technique to make an exact corner. 
The other problem that was find by making this model is the 
system to fold the portal. When the portal needs to be fold, they 
need to take off 4 rod. The unplug rood is quiet hard to plug it in 
back in the exact place, considering that bamboo has an 
internodes with hollow in the middle. So the rod is not really 
directed to the end of the hole.    
 
Fig.9. Changes connection on the top of the triangle 
After this experimental 1:1 scale of mock up structure, 
we managed to determine some weakness of the design. 
There are the unstable top of the portal and the knock 
down process which is hard to do. But the stability of the 
portal has been solved by making adu manis connection.  
5. CONSTRUCTING THE WHOLE BUILDING 
The construction process done in Punjulharjo, Rembang Sub-
District, Rembang Regency, Central Java. The bamboo that has 
been preserved in the salt embankment were than sorted based 
on several criteria. Straight bamboo with 8-10 cm diameter is the 
bamboo that were used for the main structure frame. Uniformity 
of the bamboo is needed in this construction because the post 
and beam consist of more than one pole of bamboo.   
 
                
Fig.10. Selecting and cutting bamboo process 
Along the construction process, we came up with the idea to 
change the detail join of the horizontal beam. He proposed it to 
make an easier system to knock it down and make it 
moresimple, without changing the form and the proportion of the 
building. The folded module portal become smaller in volume, 
compare to the mock up folded portal volume. Furthermore, the 
rod doesn’t need to be unplugged while the building need to be 
folded, which become the problem in the previous design 
process. 
 
 
 
Fig.11. Changes of folded portal system 
Aside from portal, the roof also has a role in structural 
stability. The production of roof done by cutting a pole of 
bamboo into half, and arrange it into a rigid panel. 4-roof 
panel were attached to the folded frame structure of this 
building. This panel used as a diaphragm of the building, 
to counteract lateral forces.  
 
                           
 
Fig.12. Configuration of half pole roof 
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Fig.13. Process of making roof panel and attach it into the structure 
frame 
By this new folded frame system, the knock down process of 
this building had become more practical and the volume of the 
folded frame also storable. The role of roof panel as a diaphragm 
of lateral force made this building become more rigid.  
CONCLUSION 
By this experiment, bamboo structure has a possibility to use 
double-post construction system with pin-join. To make an easier 
process of knock down, the design need to minimize unplugging 
the rod.  
This system managed to achieve a structure that is portable, 
knock-down, and modular. This system is portable. We can move 
it, because they don’t need any substructure. This system is 
knock down because this building can be disassembled and 
reconstructed. This system also modular because the community 
can duplicate the building. They can find the material of the join 
easily in the market, the tools are common to use and the join is 
simple to re-make.  
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Abstract: The Madurese known as the public nomads, they have the distinct culture, unique, stereotypical, and stigmatic. The cultural 
identity was considered as a description of the individual and communal identity of  Madurese behavior and living. Kotalama 
Settlements in Malang- East Java, is one of the points spread Madurese migrants in Malang. Malang has different geographical 
conditions with Madura island as a place of their origin, so they need to adjust that condition. This study was conducted to determine 
values of Madurese culture that can be found in Kotalama settlements - Malang as a Madurese migrant’s residential areas in urban 
environments. The descriptive qualitative method with discourse analysis approach  through in-depth  interview on key person used to 
determine the Madurese cultural value.  The results showed: the basic character of tolerance, loyalty, trust and consistent in socializing 
among Madurese migrants; territorial formed on the basis of equality as a fellow Madurese migrant, and personal space is achieved by 
limiting the outdoor and indoor space like on the Madura island.  It can be concluded that the moral ethics of society in behaviour and 
social interaction with the environment is the values of cultural that show the Madurese migrant  identity in Kotalama settlements – 
Malang 
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1. INTRODUCTION 
The Madurese known as the public nomads have distinctive 
culture, unique, stereotypical, and stigmatic. Cultural identity was 
considered as a description of the individual and communal 
identity generalization Madurese in behavioral life. They have a 
strong kinship, tend to maintain the pattern of living in groups, to 
maintain their cultural identity. The Madurese proved survive-able 
to develop adaptive strategies that are in line with the relevant 
environmental characteristics in their migration area. 
Malang city is one of the objectives of the Madurese migration 
coming from Bangkalan since 1930 [1]. But until now Madurese 
migrants who migrated to the Malang city not only from 
Bangkalan, but also from other regencies in Madura Island as 
Pamekasan, Sampang and Sumenep [2,3]. 
Madurese community in Malang has its own appeal in addition 
to the large population and significant politically, they also inhabit 
the suburban agglomeration [2]. Malang geographical conditions 
differ with the geographical conditions of Madura island as their 
place of origin, so they need to adjust. The balances of dynamic 
interaction between environmental, social and economic cultures 
living behavior are the key factors that allow the effort to maintain 
the identity of the environment [4]. 
Kotalama Settlements in Malang, East Java province, is one of 
the point spread Madurese migrants in Malang [2]. Given that the 
Madurese are known to have become a local cultural identity, as 
well as differences in geographical conditions between Malang 
and Madura migrant origins, what kind of values Madurese 
Culture  found in Kotalama settlements  Malang which shows 
their cultural identity. 
2. METHOD 
Study to discover the Madurese cultural values  on the 
Madurese settlements in  Kotalama Malang used by  descriptive 
qualitative method [5]. Beginning with an assessment of the value 
of Madurese culture in Madura Island as the place of origin of 
migrants through the study of literature. Futhermore, colecting 
data on Kotalama settlements  Malang by way of in depth 
interviews on key persons, and observation to get an idea of 
Culture Madurese values. Then the results were analyzed by 
using the study of Madurese society in Madura Island and 
Madurese migrants in other areas in accordance with the focus of 
the study. 
3. THE MADURESE CULTURAL VALUES  
Each mindset, attitude and behavior of the Madurese 
centered on the rules governing mutual agreement. The rules 
governing the collective agreement becomes the yardstick to 
judge the truth of any mindset, attitudes, and behaviors in 
Madurese community cultural traditions. Four basic character of 
the Madurese is their local knowledge as the basis of moral ethics 
in every gesture, speech, and behavior, namely: ejhin, koko, 
gherra and saduhunah [6,7]. Ejhin character traits such as 
tolerance, friendship and not dependent or independent. Koko 
characters introduced loyalty, consistency, trust and responsibility. 
Gherra character reflects prudence, transparency, and fairness. 
Saduhunah (whatever they are) describe the honesty and plain 
always spoke her mind to convey everything without matter who 
is in front of him. Madurese public personality reflected in 
interacting with the environment that indicate the presence of 
religious values, always working hard, survivability, and seeks to 
advance [7,8,9,10]. 
The pattern of settlements in Madura Island is basically a 
pattern of scattered settlements, because it follows the places 
where there is fertile territory [11] or in coastal areas to follow their 
path and oriented to the sea [12].  Pandhalungan Madurese 
settlements patterns (cultural mixing of Javanese and Madurese 
in East Java) [13], has differences with the settlements typology 
in Madura, because there acculturation each other. 
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4. KOTALAMA SETTLEMENTS  
Madurese migrants in Malang City categorized on Student 
Madurese and Worker Madurese [2]. Which is included in the 
category of Madurese Student is educated Madurese, especially 
higher education in Malang. While Madurese Workers generally 
have longer than the age of the migration of Madura Student, and 
generally work in informal sectors. Kotalama Settlements  Malang 
is one point agglomeration Workers Madurese migrants  in 
Malang, East Java Province [2]. Madurese migrants in points 
agglomeration typically work in a variety of informal sector, 
adjusting to the urban character which does not allow work in the 
agricultural sector as their areas of origin. 
 
 
 
 
 
 
 
 
 
Fig.1.  Kotalama Settlements Malang Area 
  Fig.2.  View of Kotalama Settlements Malang  
This settlements is the urban settlements where informal workers 
living.  Starting  in the 1950s, inhabited by nearly 90% Madurese 
migrants. Conditions such as these forms due privatism process 
because the site is known as a community area Madurese 
migrants in the city of Malang. Due to the many similarities in the 
communities in this region (ethnicity, type of work, as well as the 
area of origin) occur clustering process [14,15].  
5. THE MADURESE CULTURAL VALUES IN KOTALAMA 
SETTLEMENTS  MALANG CITY 
In the settlements Kotalama Malang, personal space and 
territoriality environment formed by the geographical conditions of 
settlements located in the region flanked by two rivers riverside 
contoured steep (60 °). Inhabitants of residential areas that 90% 
is a Madurese migrants belonging to the permanent migrants 
because it happened in a long time [16], thus indicating Madura 
territoriality for migrants who live in these neighborhoods. 
Personal space on Kotalama settlements is different from 
personal space on Madurese settlements, because the occupants 
of settlements is not a one big family, and from various districts on 
the island of Madura. Limitations of land that can be used as a 
settlements causes them to be shared with fellow Madurese 
migrants, so that residential areas into personal space Madurese 
migrants. This is related to the basic character of the Madurese, 
ejhin, traits such as tolerance, friendship and not dependent / 
independent [7]. 
Due Kotalama settlements is not made up of family groups like 
Madurese settlements, territoriality different dwellers with 
territoriality in Madura. In Mezo territoriality is based upon 
similarities as migrants from Madura and not the family shelter 
group. This is related to the basic character of the Madurese who 
are tolerant (part of the character ejhin), loyalty and consistent 
(part of the character koko). 
There is little difference between the conditions in the 
Kotalama settlements  with Madurese settlements. In Kotalama 
the house is not fully reserved and used by women, but was also 
used by men. During the day in which the men worked outside 
the settlements, the house is only used by women so that the 
quantity of use of the house by a woman becomes larger. After 
returning to work, men also use the house as a space activity. 
The main function of occupancy as a residence is also shown 
from the results of research which shows that most of the 
samples of the study is purely residential with residential function 
[17]. While occupancy which also serves as a place of business 
only a relatively small, and doing business in the shelter are 
women. These conditions are due to differences in geographical 
conditions of the settlements, which does not allow migrant 
livelihood as his home district. Differences Madurese house 
patterns in settlements caused by factors of livelihoods, as well as 
the limitations of land that can be used as a settlements [18]. 
The environmental conditions of settlements and migration are 
not done by one large family groups led to differences in 
Kotalama settlements patterns with settlements in Madura. While 
still possible, parents will continue to strive for homes adjacent to 
the children's  house, but no longer consider rules governing the 
placement home as in taneyan lanjhang. 
The pattern of interactions that occur in the Kotalama 
settlements  show slightly different character to the characters in 
Madura, thus also forming the social space that is not entirely the 
same. This condition is due to the differences in kinship and 
character of livelihood in the formation of their settlements. 
The difference in the formation of personal space in Kotalama   
and Madura (in general) settlements because of differences in 
dimensions. In Kotalama personal space is formed in one unit of 
the building, while in Madura personal space formed from the 
composition of multiple unit buildings. But there are similarities in 
the behavior of building unit building, which is a single room, to 
then proceed with the division of space inside. The development 
process in this Kotalama called mubeng kandhang [17]. 
Membership of the informal group, the exclusivity of the public 
space and private space occupancy in Kotalama settlements  
done by forming a single space as a residence that housed three 
basic functions of occupancy [16], emper – kamar – pawon, 
before eventually made the division of spaces in the building. 
Characters membership of the informal group on Madurese 
settlements seen in the formation of public and private space 
exclusivity occupancy through the establishment of a single room 
as a private space, living space for women. By looking at the 
informal character of the membership of the group showed their 
efforts to maintain the process of building Madurese migrants and 
their home room elements such as the exact locations are 
adapted to land conditions dwelling place for the moment. 
The pattern of individual interaction with people (especially 
women), which takes place at certain times (especially in the 
morning, afternoon, and evening according to activity 
households), in a public place that is public and communal (on 
the road in each front of house, public wells adjacent to 
dwellings), as well as in the semi-public section occupancy 
(emper). While the routine public interaction in Madurese 
settlements  is seen in the pattern of individual interaction with the 
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community that took place in the foyer area and courtyard on 
taneyan. Character routine public interaction will consider 
personal space and territoriality each household. 
There is little difference in function between the residential 
buildings in the Madurese settlements   with Kotalama 
settlements. In Kotalama main function is to stay home, though in 
some homes it was found that additional work function. Houses in 
Kotalama not entirely intended for women and children such as in 
Madura, but also used by men. This is also due to the Madurese 
migrants home is no longer shaped taneyan lanjhang which is a 
residential group one big family, but in the form of single 
occupancy inhabited nuclear family. Limitations of land which can 
be used also result in the kind of space that contained house 
adapted to existing conditions. 
On a mezo scale, Madurese cultural values seen on: (1)  
retain of the Madurese fundamental character  behavioral be 
tolerant (part of the character ejhin), loyalty and consistent (part of 
the character koko) on the formation of territoriality and personal 
space settlements as the adjustment for migration not done with 
the whole family, and tolerance as a fellow migrants from the 
same island, (2) adjustment function of the building as a dwelling, 
although more used by women, but also adapted to livelihoods in 
the informal sector, (3) adjusting the shape of space shaped 
communal social space and public space associated with 
territoriality and personal space as well as the limitations of the 
existing land. 
At the micro scale Madurese cultural values  seen on: (1) The 
behavior of  establish unit building by forming the outer limit is still 
being done as well as the behavior of building in Madura, adapted 
to the conditions of limited land available, (2) existence of the 
effort to maintain the process of building and presenting the 
elements in their house with the adjustment of the location the 
new occupancy, as well as considering the personal space and 
territoriality respective inhabitants. 
6. CONCLUSIONS 
The Madurese cultural values in Kotalama settlements -
Malang  found at the moral ethics of society in social and 
behavior interact with the environment that shows identity as 
Madurese migrants, include: basic tolerant character, loyalty, trust 
and consistent in socializing among Madurese migrant . Territory 
was formed on the basis of equality as a fellow immigrant from 
the island of Madura, and personal space is achieved by limiting 
the exterior and interior space inside as on the  Madura island. 
REFERENCES  
[1] H. Jonge, H. Madura dalam Empat Zaman: Pedagang, 
Perkembangan Ekonomi, dan Islam: Suatu Studi Antropologi 
Ekonomi. Perwakilan Koninklijk Instituut voor Taal-, Land- en 
Volkenkunde (KITLV) & Lembaga Ilmu Pengetahuan 
Indonesia (LIPI); Jakarta PT Gramedia, , (1989) 
[2] K. Ubaidilah. Dinamika Perantau Madura dalam Politik Kota 
Malang: Suatu Kajian Antropolgi Politik. Tesis. Yogyakarta: 
Program Pascasarjana Fakultas Ilmu Budaya, Universitas 
Gadjah Mada, unpublished,  (2014) 
[3] S. Ma’arif. The History of Madura; Sejarah Panjang Madura 
dari Kerajaan, Kolonialisme sampai Kemerdekaan. 
Yogyakarta:  Araska Publisher (2015) 
[4] K. Panitchpakdi. Analyzing Sustainability of a Local 
Community by EBS Theory: The Case of Kao Yi Sarn, 
Samut Songkram, Thailand. Journal of Asian Behavioural 
Studies. 2 (4) (2012) 1-10.  
[5] E.T.S. Darjosanjoto. Penelitian Arsitektur di Bidang 
Perumahan dan Permukiman. Surabaya: ITS Press (2006) 
[6] A. Hidayat. Ontologi Relasi dalam Tradisi Budaya 
Masyarakat Madura. Journal of  Nuansa,  9(1)  (2012) 1-24 
[7] A. Hidayat. Karakter Orang Madura dan Falsafah Politik 
Lokal. Journal of  KARSA, XV (1)  (2009) 1-14 
[8] A. Hidayat. Jatidiri Orang Madura (vis a vis) Industrialisasi. 
Journal of  KARSA, XVI (2)  (2009) 53-61 
[9] Taufiqurrahman.  Identitas Budaya Madura. Journal of 
KARSA, XI (1) (2007)1-11. 
[10] T. Rochana. Orang Madura: Suatu Tinjauan Antropologis. 
Journal of  Humanus,  XI (1) (2012) 46-51 
[11] Z. M. Wiryoprawiro. Arsitektur Tradisional Madura Sumenep 
dengan Pendekatan, Historis dan Deskriptif, Surabaya: 
Laboratorium Arsitektur Tradisional, FTSP-ITS, (1986). 
[12] N. Citrayati. Permukiman Masyarakat Petani Garam Di Desa 
Pinggir Papas, Kabupaten Sumenep. Journal of  Arsitektur 
e-Journal, 1(1) (2008) 1-14 
[13] A. Sutarto. Sekilas Tentang Masyarakat Pandalungan. 
Presenting of Jelajah Budaya 2006. Yogyakarta: Balai Kajian 
Sejarah dan Nilai Tradisional Yogyakarta, tanggal 7 – 10 
Agustus (2006) 
[14] A. Rapoport.. Human Aspect of Urban Form; Toward a Man 
– Environment Approach to Urban Form and Design. Urban 
and Regional Planning Series, Volume 15 (1977). 
[15] I. Altman. Culture and Environment.  Monterey. Ca. 
Brooks/Cole (1980). 
[16] R. Said. Pengantar Ilmu Kependudukan. Jakarta: LP3ES, 
(1996) 
[17] D. Asikin. Keragaman Spasial Rumah Tinggal di Daerah 
Pengaliran Sungai Brantas Kelurahan Kotalama – 
Kotamadya Malang. Tesis,  Yogyakarta: PPS UGM, 
unpublished, (1996) 
[18] P.F.R. Dewi, Antariksa & Surjono Pelestarian Pola 
Perumahan Taneyan Lanjhang pada Permukiman di Desa 
Lombang Kabupaten Sumenep. arsitektur e-Journal,  1(2) 
(2008) 94-109. 
 
 79 
ISBN 979-587-621-1 
Dwelling Process on Rusunami Judging from Changes in Unit 
Rusunami Benhil II (Open-Building Type)  
Joni Hardi*1, Andjar Widayanti2  
1Lecturer in the Department of Architecture, Mercu Buana University, Jakarta 11640, Indonesia;  
and Doctoral Candidate in Architecture of Parahyangan Catholic University, Bandung 40117, Indonesia 
2Lecturer in in the Department of Architecture, Mercu Buana University, Jakarta 11640, Indonesia 
Abstract: The urbanization of the population from rural to urban areas lead to an increased need for housing resulted in high price of 
land in urban areas. Rusunami urban development is the provision of housing solutions for low-income segments of society. Rusunami 
designed today has a shape and design in which each apartment unit is uniform, while the needs of every apartment dwellers vary. 
Changes made by the dweller looks at the physical changes that occur in the occupied apartment units. We assess preferences shape 
changes that occur in Rusunami Benhil II (open-building type) in Central Jakarta post-occupancy, as well as the meaning is behind the 
change in shape. The method used in this study is a Post-Occupancy Evaluation (POE) through field observations (place center 
mapping) and structured interviews with occupants Rusunami Benhil II. The results showed that the shape changes occur in Rusunami 
Benhil II includes the addition, elimination, movement, spatial system, physical system, and stylitic system. Preferences change in 
Benhil II Rusunami changes occur in the physical system additions and changes. Occupants were satisfied with occupancy shaped 
building open for more flexibility to make changes as needed Rusunami unit occupants 
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1. INTRODUCTION 
The increase of population in urban areas lead to increased 
need for housing resulted in high price of land in urban areas. The 
government's efforts in meeting the housing needs of urban 
communities, especially the grassroots is by owned low-cost 
vertical housing (Rusunami). Rusunami should no longer be 
regarded as a place for shelter, but as a place to find comfort, 
reflect the identity of its inhabitants, and to carry out daily 
activities. But in reality designed Rusunami currently has the 
shape and design of which each apartment unit is uniform, while 
the needs of every apartment dwellers vary. Changes made by 
the occupant looks at the physical changes that occur in the 
occupied apartment units. 
We assess preferences shape changes that occur in 
Rusunami Benhil II (open-building type) in Central Jakarta post-
occupancy, as well as the meaning is behind the change in 
shape. Changes that occur in the form of a process unit 
Rusunami occupants residing in meeting the needs and comfort 
at home. 
Approach to study is Post-Occupancy Evaluation (POE), 
which is an assessment process in a systematic and 
comprehensive building after it is built and used. We assess the 
effectiveness of the type of unit Rusunami open building on 
Rusunami Benhil II to see the changes that occur in the 
Rusunami unit, so that the development of open building next 
Rusunami in Jakarta can be run more effectively. 
 
2. MATERIALS AND METHODS 
A. Changes in Occupancy as Process Now settled 
Each apartment unit at Rusunami consists of one main room 
(bedroom) and the other room (supporting room) equipped with a 
system penghawaan and artificial lighting is sufficient, the system 
of evacuation of occupants that guarantees smoothness and 
ease, the provision of adequate electrical power and pumping 
systems water. Type of existing units in the flats adjusted to the 
facility and the area of Rusunami units. The type that is inside the 
Rusunami units divided into two: one is using bulkhead (fixed-
building type) and without insulation (open-building type) unless 
the area KM / WC. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Open-Building Type on Rusunami Benhil II 
                  
Figure 2: Fix-Building Type on more Rusunami (Rusunami 
Petamburan) 
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Rapoport (1969) says that the culture is always changing so 
the significance of the building and the settlement may also be 
changed. It's just that the change does not always occur 
simultaneously and on all elements or the order, but always found 
the existence of an element that changed and fixed (constancy 
and change). The human need for shelter or a place to stay is 
always evolving in accordance with the needs of residents 
themselves. The development of these human needs that are 
internal factors that can affect a change in occupancy. Thus an 
occupancy need to provide opportunities to each family or 
opportunity to be creative with innovation, plan and build his 
house with full flexibility in order to be responsive to each change. 
According to Habraken (1978) there are three aspects that 
can be used as a benchmark to see changes in the physical 
environment of settlements that form an integrated system, 
namely: 
a.  Spatial Systems  
Spatial system is a system that deals with the organization of 
space or spatial. This system includes a spacious living room 
and a function room. 
b.  Physical Systems  
Physical system is a system that deals with the construction 
and use of materials that are used in creating a physical 
building, such as the construction of the roof structure, walls, 
floors, and so on. 
c.  Stylitic System 
System model or style is a system related to the embodiment 
form which includes facade, door and window shapes as well 
as other elements both inside and outside the building. 
In relation to the constituent elements of space in a building, 
there are three grounds which may be regarded as an indication 
of a change in the physical environment (Habraken, 1982). These 
three things are: 
 
a.  Addition  
Addition is the addition of an element in a building resulting in 
a change. For example adds bulkhead partition in a room, add 
elements of the facade and so forth. 
b.  Elimination  
Elimination is the reduction of an element in a building 
resulting in a change. For instance, dismantle one wall area 
the room with the intent of expanding space or unites two 
rooms into one, eliminating the windows on the facade and so 
forth. 
c.  Movement (displacement) 
Movement is a change caused by the displacement or shift in 
the space-forming element on a building. For example, move 
or shift the position of the walls in a room to another or to the 
other side, move the ladder, move the door from one side to 
the other on the facade and so forth. 
B. Case Study 
This study uses field observations and interviews. Field 
observations are used to seeing the physical changes that occur 
in the unit of Rusunami place in the form center mapping. While 
the interviews used to explore the meaning of the changes that 
occurred at the unit of Rusunami. The literature review and the 
journal is useful for reducing the categories and sub-categories of 
research. Determination of categories and sub-categories of 
research aims to make it easier to determine the aspects that 
should be explored in the field so much focus in the answer 
research problems. 
Categories in this study is tipomorfologi changes that occurred 
at the unit Rusunami, while the sub-categories of research is 
covering spatial system, physical system, stylictic system, 
addition, elimination, and movement. The research object 
selected is Rusunami Benhil II and Rusunami Runami is a low-
rise building which is a requirement Rusunami forward in Jakarta. 
Criteria respondents interviewed are the inhabitants of the status 
of the owner (not renters) and occupying the Rusunami since the 
beginning of the building standing. 
3. RESULTS AND DISCUSSION 
A. Questionnaire Results 
Before analyzing the results of the questionnaire, then tested 
the validity and reliability testing. Validity test results statement 
filed in the questionnaire is valid, because r count > r table (r table 
= 0.5324). While the reliability test results show that the value 
croncbanch's alpha of 0.936, which means reliability is 
acceptable, so that the stability of the measuring instrument and 
the measurement results can be trusted. 
From the results of a questionnaire consisting of 16 
statements with Likert Scale attitude can be concluded that as 
many as 92.8% of respondents agreed and strongly agreed with 
the rooms in the dwelling that is functioning properly [chi-square 
analysis indicates the value Asymp. Sig 0.008 < 0.05 (Alpha)]; 
78.6% of respondents agreed and strongly agreed with a living 
room that can accommodate activities [chi-square analysis 
indicates the value Asymp. Sig 0.046 < 0.05 (Alpha)]; 92.9% of 
respondents agreed and strongly agreed with sleeping space to 
accommodate activities [chi-square analysis indicates the value 
Asymp. Sig 0.002 < 0.05 (Alpha)]; 92.8% of respondents agreed 
and strongly agreed with the kitchen can accommodate activities 
[chi-square analysis indicates the value Asymp. Sig 0.008 < 0.05 
(Alpha)]; 100% of respondents agreed and strongly agreed with 
KM/WC can accommodate activities [chi-square analysis 
indicates the value Asymp. Sig 0.033 < 0.05 (Alpha)]; 71.4% of 
respondents agreed and strongly agreed with the drying space to 
accommodate activities [chi-square analysis indicates the value 
Asymp. Sig 0.052 > 0.05 (Alpha)]; 100% of respondents agreed 
and strongly agreed with the wall using a plaster [chi-square 
analysis indicates the value Asymp. Sig 0.109 > 0.05 (Alpha)]; 
100% of respondents agreed and strongly agreed with the wall 
using the tiled bathroom area [chi-square analysis indicates the 
value Asymp. Sig 0.033 < 0.05 (Alpha)]; 92.8% of respondents 
agreed and strongly agreed with the wall using ceramic in the 
kitchen area [chi-square analysis indicates the value Asymp. Sig 
0.008 < 0.05 (Alpha)]; 100% of respondents agreed and strongly 
agreed with the floor using tile in the bathroom area [chi-square 
analysis indicates the value Asymp. Sig 0.033 < 0.05 (Alpha)]; 
100% of respondents agreed and strongly agreed with the use of 
ceramic floor in the living room area [chi-square analysis indicates 
the value Asymp. Sig 0.033 < 0.05 (Alpha)]; 92.9% of 
respondents agreed and strongly agreed with the use of ceramic 
floor in the bedroom area [chi-square analysis indicates the value 
Asymp. Sig 0.002 < 0.05 (Alpha)]; 100% of respondents agreed 
and strongly agreed with the use of ceramic floor in the kitchen 
area [chi-square analysis indicates the value Asymp. Sig 0.033 < 
0.05 (Alpha)]; 100% of respondents agreed and strongly agreed 
with the use of ceramic floor in the area drying room [chi-square 
analysis indicates the value Asymp. Sig 0.008 < 0.05 (Alpha)]; 
92.8% of respondents agreed and strongly agreed with the use of 
materials and design on the doors and windows in their house 
[chi-square analysis indicates the value Asymp. Sig 0.008 < 0.05 
(Alpha)]; 85.7% of respondents agreed and strongly agreed with 
the use of ceiling material in occupancy [chi-square analysis 
indicates the value Asymp. Sig 0.000 < 0.05 (Alpha)]. By 
analyzing the interval scale, respondents' perceptions of 
occupancy were on a scale of good and very good (range interval 
3.71 to 4.29) so that it can be concluded occupants are satisfied 
with the current dwelling unit. 
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B. Field Observations 
The results of observations are grouped into a change of 
addition, subtraction, shift, spatial system, physical system, and 
stylitic system. 
B.1 Addition 
To facilitate the analysis, so any kind of changes that occur 
given code additions. d2 is the code for adding walls, DB1 is the 
code for additional concrete table 1, DB2 is the code for additional 
concrete table 2, DB4 is the code for additional  concrete table 4, 
the EX1 is the code for additional exhaust fan 1, and EX2 is the 
code for additional exhaust fan 2. In addition there is the addition 
of curtains, closets, partitions, and the kitchen table. 
              
Figure 3. Plan before the addition and after the addition 
 
Table 1. Frequency of Addition 
Addition Frequency Percentage 
Curtain 4 8% 
Cupboard 6 12% 
Partition 1 2% 
Table 1 1 2% 
Table 2 1 2% 
DB1 8 16% 
DB2 4 8% 
EX1 1 2% 
EX2 1 2% 
Trellis PJ1 10 20% 
Trellis J1 9 18% 
Trellis d2 3 6% 
d2 1 2% 
Total 50 100% 
Extra changes occurred in the addition of 20% PJ1 trellis. 
B.2. Reduction 
Code changes that occur include reduction d1 is the code for 
the abatement walls, DB3 is the code for a reduction concrete 
table 3, and L1 is the code for a reduction peil floor in the 
bathroom. In addition there is a reduction in the change in the 
bathtub. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Plan before reduction and after reduction 
Tabel 2.  Frequency of  Elimination 
Elimination Frequency Percentage 
Bathtub 7 64% 
d1 2 18% 
DB3 1 9% 
L1 1 9% 
Total 11 100% 
Changes occurred in the reduction of the reduction of the tub. 
B.3 Movement 
Code changes include shifting the shift DB4 (concrete table 4) 
and closet. 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Plan before the shift and after shift 
The result of the changes to the shift is as follows: 
  Tabel 3. Frequency of Movement 
Movement Frequency Percentage 
DB4 1 50% 
Closet 1 50% 
Total 2 100% 
The shift changes occurred in the shift DB4 (DAK concrete table 
4) and closet. Each of these changes occur in one residential 
apartment units.  
B.4. Spatial System 
In spatial system, the change is a change in the function room as 
illustrated in Table 4. 
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Table 4. Frequency of "spatial system" - function space 
Function Frequency Percentage 
Drying room into 
the kitchen 8 36% 
Drying room into 
warehouse 3 14% 
corridor into a 
drying room 11 50% 
Total 22 100% 
Changes spatial system to function most space, changes occur in 
the function hall into a drying clothes by 50%. 
B.5. Physical System 
Changes in the physical system are grouped into two, namely 
changes in the walls and floors. Changes in the wall is a wall in 
the finishing plaster and paint or wall using ceramic. While 
changes to the floor is finishing the floor using ceramic. 
Table 5. Frequency of "physical system" - the wall 
Wall Frequency Persentage 
Terrace 8 14% 
Main room 11 20% 
Dry room 12 21% 
Kitchen 12 21% 
Toilet 13 23% 
Total 56 100% 
Most respondents to make changes to finishing on the walls. The 
frequency of physical changes occur in the largest system in the 
finishing area toilet. 
Table 6. Frequency of "physical system" - floor 
Floor Frequency Percentage 
Main Room 12 29% 
Drying room 13 32% 
Kitchen 13 32% 
Toilet 3 7% 
Total 41 100% 
The results showed that changes in floor finishing average 
occurred in the entire room, especially the use of ceramic floor 
main room, drying room, a kitchen, and a small portion in the 
toilet area. From Table 5 and Table 6 above it can be concluded 
that a change in the physical system is more dominant in the wall 
area (56 cases). 
B.5. Stylitic System 
Stylistic changes to the system described in Table 7. 
Table 7. Frequency "stylitic system" 
Stylitic System Frequency Percentage 
P1 14 82% 
PJ1 1 6% 
Closet 2 12% 
Total 17 100% 
Most changes in stylitic system occurs at P1 by 82%. 
From the analysis above, we can conclude the changes that 
occur in the sub-category addition, elimination and movement 
show that the changes that occurred in the sub-category of the 
addition (79%) as shown in Table 8. 
Table 8. Conclusions the changes that occurred in the sub-category 
addition, elimination and movement 
Changes Frequency Persentage 
Addition 49 79% 
Elimination 11 18% 
Movement 2 3% 
Total 62 100% 
 
Table 9. Conclusion the changes that occurred in the sub-category of 
spatial System, physical system and stylistic system. 
Changes Frequency Percentage 
Spatial system 22 16% 
Physical system 97 71% 
Stylitic system 17 13% 
Total 136 100% 
Total 136 100% 
While changes in the sub-category of spatial system, physical 
system and stylistic system can be concluded that the biggest 
change occurred in the sub-category of physical system (71%) as 
shown in Table 9. 
To slice the data changes in spatial systems, physical systems, 
and stylitic system, obtained the biggest change occurred in the 
physical system. 
B.7. Behavior Mapping 
Behavior mapping used in this study is the center place 
mapping to see the activities that occurred at the unit Rusunami 
Benhil II. 
 
Figure 6. Example Behavior Mapping on Rusunami 
Benhil II 
From the analysis it was found that the frequency of greatest 
activity occurs in the main room (47%) with the highest activity to 
do in the living room is eat, sleep and watch TV. While the other 
activities going on in the kitchen (15%), toilet (14%) and a drying 
room (8%) and the lobby outside the unit Rusunami (16%) to 
receive guests and drying clothes. The existence of the main 
room at Rusunami Benhil II is a central room with a very diverse 
activity. Behavior mapping also showed that the presence of a 
drying chamber is not considered important and most 
respondents do not conduct drying drying clothes in the room but 
in the lobby area outside the unit Rusunami. Drying room used as 
an area for cooking as cooking fumes can exit the room and into 
the main room. 
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CONCLUSION 
Based on the analysis above, it can be concluded the following 
results: 
1. Shape changes occur in Rusunami Benhil II includes the 
addition, elimination, movement, spatial system, physical 
system, and stylitic system. Preferences change in Benhil II 
Rusunami changes occur in the physical system additions and 
changes. 
2. Addition occurred on adding trellises for security reasons. 
Changes occurred in the reduction of the reduction of the 
bathtub because his condition was leaking. A shift change 
occurs only in 2 residential apartment units, a shift DB4 
(concrete table 4) and shift closet. 
3. Changes in spatial system changes occur in the spatial 
system to function primarily on the function hall space which is 
used as an area for drying clothes. 
4. Changes in physical system is divided into two, namely 
changes to finishing the walls and floor finishing. Changes to 
the finishing wall in nearly the entire room, especially on the 
toilet wall. As for changes in floor finishing occur in the whole 
room, but not all change the ceramics in the bathroom. 
5. Changes occurred in the system stylitic P1 changes (the toilet 
door) due to poor condition. 
6. Residents are satisfied with occupancy shaped building open 
for more flexibility to make changes as needed Rusunami unit 
occupants. To reduce the physical changes that occur in order 
Rusunami forward more effectively then it is advisable to plan 
kitchen space in direct contact with outside air, lay out the 
toilets of a more flexible, material toilet door is waterproof, wall 
material in the finishing plaster without paint, latticed windows, 
Rusunami unit and floor, the toilet floor and wall ceramic toilet 
use. 
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Abstract: Can architecture empowers community? Bolstered by this year Pritzker Prize winner, Alejandro Aravena with his so called 
‘social architecture’, the practice of architecture nowadays seems gaining momentum towards community architecture with participatory 
activities in its practical framework. The paper will investigate its possibility with what the researcher had built: Design As Generator – a 
specific action-design-research methodology built for empowering community through sustainable and participatory design approach. It 
combined Participatory Action Research and Design Thinking under the mixed methods research Sequential Embedded Experimental 
model. It was then put into action in kampong Pondok Pucung, a remaining suburban kampong in South Tangerang, Banten, West 
Java and was analyzed through series of architecture and design experimentations acted as not only as design innovations but also as 
social innovation. The result was redefinition of architecture in its utmost relation to community empowerment, in which it would be 
more societal than corporeal. 
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1. INTRODUCTION 
The paper started with a simple question: ‘Can architecture 
empowers community?’ Bolstered by this year Pritzker Prize 
winner, Alejandro Aravena with his so called ‘social architecture’, 
the practice of architecture nowadays seems gaining momentum 
towards community architecture with participatory activities in its 
practical framework. Yet the question remained. 2016 Venice 
architecture biennale, one of the largest architecture exhibition 
and arranged this year by none other than Aravena himself, 
states that it wanted to explore the social, political, economic and 
environment end of the spectrum.[1] Criticism poured in, led by 
Patrick Schumacher, the director of Zaha Hadid Architect saying 
that architects are not equipped to address these issues. 
Architecture is not an effective tool to address global 
inequality.[2][3]   
However, proponent of this new language of architecture said 
that architects had as much right to comment on social and 
political problems as any other profession.[3] Lee Stickels (2011) 
argued that issues of participation and empowerment have 
emerged more contextually than ever in architecture discussion 
and practices. Stickels proposed that the new role of architecture 
should be seen as participatory collective construction process for 
emancipatory empowerment.[4] The paper then will investigate its 
possibility with what the researcher had built: Design As 
Generator (DAG) – a specific action-design-research 
methodology built for empowering community through sustainable 
and participatory design approach.   
2. DESIGN AS GENERATOR  
A. DAG Action-Design-Research Methodology 
DAG developed its own specific action-design-research 
methodology by combining Participatory Action Research (PAR) 
and Design Thinking (DT) under the mixed methods research 
Sequential Embedded Experimental model.[5]  
According to Taggart (1994, 2006) PAR worked based on 
theoretically informed practice - a research based on exploration 
and objectification of experience and the disciplining of 
subjectivity as common features in any qualitative research 
models.[6] While Tim Brown (2008, 2009)  
argued that a design thinker should have empathy, integrative 
ways of thinking, optimism as value, experimentalism in heart and 
love collaboration. Thus, DT with its Human Centered Design 
(HCD) toolkit for social innovation project, will fits well with PAR, 
as it promotes innovations, the key themes of architectural work 
that connected directly with social concerns.[7][8][9] 
 With this combination, architecture will be allowed to 
investigate along its quantitative sides (as experimental 
innovations) as well as its qualitative sides (as experience and 
appreciation of participatory endeavors).[10] 
 
 
Fig.1. DAG specific action-design-research methodology 
B.  DAG Research Context    
DAG research context conducted within Kampong Pondok 
Pucung, Southern Tangerang, Banten, West Java, Indonesia and 
its community. The kampong is an ingenious kampong remaining, 
surrounded by sub-urban mega real estate development. The 
kampong, although retained its warm social relationship, was  
poorly developed and lack of proper infrastructure.[11] 
 
 
 
 
 
 
 
Fig.2. (a)-(c) the kampong existing condition 
C.   DAG Framework 
DAG started as preliminary research and the building of 
Rumah Besi – an architectural experiment aimed to be the 
prototype of architectural engagement to the community. It then 
developed into series of design experimentations acted not just 
for injecting the community design innovations, but also aimed to 
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serve as building social innovation.It will be done through stages 
of designing, pre-test, action and post-test [12,13,14,15] 
 
Fig.3. DAG action-design-research framework  
3. RESEARCH DISCUSSION 
A. Architectural Experiment: Rumah Besi  
Rumah Besi was an experimental dwelling built in 2010 in the 
middle of the kampong. As stated before it was aimed to be the 
prototype of architectural engagement to the community. Rumah 
Besi worked through its three comprehensive activities, in which 
through redefining how to design, how to build and how to dwell. 
Redefine how to design was achieved through the creation of 
MODURA (base modul for Indonesian people 0.6X0.6m) for 
design, material and build efficiencies. Redefine how to build was 
accomplished through studies and experiment with main 
structure, resulted in the using of hollow steel. It reduced 40% 
consumption of materials and very swift in its construction (-as it 
only took 2 weeks to build the entire structure) and evidently very 
efficient in the budget (-as it reduced cost by 1.5x compared to 
the usual concrete construction, 2x to the wood construction 
and 3x to the steel construction).[16a]  
 
 
 
 
 
 
 
 
 
Fig.4. (a) MODURA (b) & (c) Hollow Steel Construction (d) Rumah Besi 
completed 
Redefine how to dwell was achieved by giving the true meaning 
of architecture: making it place with it main purpose to increase 
the living quality of its user and its surrounding. In Rumah Besi 
case this was translated into:[16b]  
(1) Responding to the site: Rumah Besi should be communicating 
with the community and its surrounding.  
(2) Measuring Rumah Besi thermal condition: One of the ways to 
measure living quality is by using thermal comfort measurement. 
Rumah Besi was designed with this consideration.  The maximum 
difference between the inside and the outside of the building is 
7oC and at minimum is 0.5 oC, while on the average 2oC (- with 
average wind velocity inside is 0.0-0.25 m/s, while on the outside 
is 0,5–2,5 m/s. Average Rh. is 72.5%)  
(3) Independent Waste Management: Rumah Besi managed its 
own domestic waste by separating plastic based material (pbm) 
and paper wastes, which are sent to local waste compound to be 
recycled, while biopori holes in the back yard is use for dumping 
organic wastes. By doing it, Rumah Besi managed 73.76% of its 
domestic wastes.  
(4) Developing rain water harvesting system: Rumah Besi 
developed the system using simple and ’green’ low technology 
that is accesible for all. The system will collect 2,000 l captured in 
tanks within 15-30 minutes of average hard rain, while in 2 hours 
it will injected 3,58 m3 rainwater into the ground and maximize 
the ground water reserves or approximately injected 166,080 l for 
the whole rainy season.  
 
 
 
 
 
 
 
Fig.5. (a) (b) Rumah Besi & the rainwater harvesting system 
The architectural prototype than was measured on how its 
presence influenced the community using pre-test and post-test 
inquiries within ex-post facto field study research approach. [17] 
The pre-test shown only 26% (N=57) of the community aware of 
Rumah Besi many useful design experimentations that could be 
implemented into their own settlement. However, the post-test 
conducted half a year later shown increasing the community’s 
awareness on Rumah Besi (69%, N=57). Yet from the researcher 
observation the physical evident of the influence of Rumah Besi 
was vague and merely shown in the community approach 
towards designing and building their settlement. 
 
Thus, as an evaluation the researcher did another inquiry, 
borrowing Analytical Hierarchy Process (AHP) approach from 
Saathi [18] to measure the preference of the community towards 
Rumah Besi arch  itectural engagement and its design 
experimentations. The results showed that the community design 
preference to Rumah Besi was 3.8% from 10% optimum value, 
building construction methods preference to Rumah Besi was 
30.71% from 43.3% optimum value, while dwelling (or the way of 
living) preference was 22.9% from 46.7% optimum value. Thus in 
total the community preference to Rumah Besi was 77.84% from 
100% optimum value. These results confirmed that Rumah Besi 
did influence the community, but the reasons why it only showed 
vague in physical observation of the community settlement was 
because the community translated it into their own design 
languages and interpretations, mostly in the building construction 
methods. 
 
B .Design as Social Innovation Projects 
The experiment did not stop at just making Rumah Besi as 
prototype for architectural engagement to the community. It 
continued on making Rumah Besi as the center of design 
activities to empower the community. Thus, design would be 
acting as social innovation projects. 
Series of design interventions then were done and 
implemented in the kampong through stages of: design, pre-test, 
action and post-test. It was started by crafting themes generated 
from the field research conducted by the researcher observing the 
community’s everydayness. It was done through three 
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considerations, which are the roles, the activities and the context 
of the community and resulted in 3 themes: memory, hope and 
sense that would represent as the fundament for every design 
concocted collaboratively with the community. 
Memory is about the recollection of value and how it 
evolved. The inquiries showed that the community remembered 
the kampong as greener with many plants and had more open 
spaces/plantation (88.5%). Responding to the memories the 
community had, DAG generated and initiated ‘TATITU’ (an idiom 
in Indonesia, means planting there and everywhere), which aimed 
to improve the quality of environment with designed greenery 
optimizing the use of barren area in the kampong. It was done 
collaboratively with the community using DT-HCD approach 
 
 
 
 
 
 
Fig.6. (a) ‘TATITU’ w. the community (b)-(c) the results 
the community within the scope of experimental research in 
the between range of one year before and after the 
implementation.[17] The results shown that the community 
wanted to make their kampong to become more lush and green 
(99.63%) and  participated actively in the process (97.75%). The 
community also exclaimed that after the intervention the kampong 
now is greener than before (74%). 
During the one year intervention DAG observed and made 
important notes, which were: (1) the original ‘TATITU’ 
interventions were reduced from seven locations to only two, due 
to the location, maintenance and material problems; however (2) 
the kampong also self-initiated at least five or more new greenery 
locations, and (3) the appearance of community local champion 
and local creative knowledge on making their surrounding 
environment to become greener.    
  
Fig.7. (a)-(c) greenery self-initiation by the community  
Hope is about the future, thus it will always attach to the 
children. DAG inquiries showed that the community wanted the 
kampong to become verdant (40%), organized, clean/hygiene 
(26%) and have more open spaces for communal gathering or 
children playing (19%). Answering to these results, DAG initiated 
projects in late 2015, named ‘K-aiueo’ (-which stands for 
‘Kampong’ – reading vowels (‘aiueo’) as a way to build creativity 
amongst the children by  developing 2D and 3D interventions 
throughout the kampong remaining undeveloped space. The 
initiation and pre-test started with mapping the playing activities of 
the children, continued by designing the interventions 
collaboratively active with the children.  
 
Fig.8. (a) The Map (b) The Prototype by the children 
It resulted as: (1) Creative murals on the walls depicting the 
map of the kampong, which can be played by the children and the 
spirit/value shared by the community, (2) Creative game board for 
raising the children awareness towards environmental hygiene, 
such as waste/garbage management knowledge, and (3) Creative 
playing installations throughout the kampong.  
 
 
 
 
 
Fig.9. (a)-(c) Creative murals and game board (d)-(f) Creative 
playing installations 
By the end of the initiation, mid 2016 DAG acknowledged as 
the post-test results, how the community started to intervene 
other walls and undeveloped areas in the kampong to make 
murals, playing installations and even allowing DAG to generate 
creative reading space in the verandah of one community 
member home. 
  
Fig.10. (a)&(b) self-initiated int. (c) Creative reading space 
Sense is about experiencing, thus it will always be present 
and about how ones interacting with its environment. The 
inquiries showed that the community agreed (97%) that the 
kampong’s problems were: waste management (49%) and 
environment cleanliness/hygiene (37%). DAG responded with 
‘Nabung Aer’- ‘Saving Water’project. The intervention was a 
modified low technology sustainable design invention from IPB 
(Indonesia Farming Institute) called biopori holes useful for 
composting waste, reducing the risk of puddled water and 
absorbing rain water into the ground. After series of 
communicating the system to the community DAG then made 100 
biopori holes throughout the kampong done collaboratively with 
the community in early 2015. 
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Fig.11. (a)-(c)‘NA’ – 100 biopori done by the community 
The experiment was done in a year with pre-test and post-test 
inquiries on ‘Nabung Aer’ were given to the community in 
between the range of its implementation. The results shown that 
the community at first only had vague idea on ‘biopori’ hole (39%) 
although they have quite good knowledge on the type of waste 
(organic and inorganic-62.5%). Nevertheless, after a year the 
community knowledge on ‘biopori’ hole was uplifted to 87.5%, 
while on the type of waste was gaining into 89%. The community 
also found the system useful (89%) to help them managed their 
kampong’s waste management problems. 
DAG observations during the intervention implementation, 
shown some interesting notes, which were: (1) the increasing 
knowledge did not come in line with the condition and the use of 
‘biopori’ holes, as now it only lasted 30 holes in active use, 
however (2) the community shown their own creativity in making 
the biopori holes, and (3) their own self-initiation waste dumping 
management system, such as: Bank Sampah – inorganic waste 
collection to be sold and turn into cash-saving program organized 
by themselves. 
 
Fig.11. (a)-(c)’Bank Sampah’ organized by the community 
4. CONCLUSION 
In the opening argument, the research was an attempt to 
prove that architecture indeed can empower community and it 
has as much right to comment on social and political problems as 
any other body of knowledge. It attempted to redefine architecture 
as social innovations that can empower the community. 
In the previous section, it already showed how the researcher 
had tried to answered the attempts by building a specific action-
design-research methodology, called DAG – Design as 
Generator, to move the research into motion. 
Architectural experimentation done through the making of 
Rumah Besi shown, that ‘physical’ architecture has potentials on 
influencing the community, yet not in its physical imitation but in 
its ideas of constructing good architecture. The form and 
aesthetic consideration was dependent on how the community 
valued their social and everydayness interactions.  
Rumah Besi role then was stretched into becoming the 
center of design activities to empower the community, where 
design would be acting as social innovation projects. The series 
of design experimentations and innovations showed that it was 
acting only as nudge to the community. It was meant to pushed 
the community into acting on their own self-initiation, while the 
original interventions faded and developed into another design 
language and interpretation owned by the community. This will 
also push the essence of empowerment to occur, in which the 
production of knowledge amongst the community involved where 
it was related to their everydayness and spatial engagement. 
Thus, this is the research novelty arises, exclaiming the 
redefinition of architecture in its utmost relation to community 
empowerment, in which it would be more societal than corporeal, 
acted as the tools for social innovations to emerge not only in its 
corporeal spheres but also in terms of its sensible spheres.  
This is where the DAG – Design as Generator goals would 
be achieved, in which to become the light for others. 
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Marketing Place : The Strategy of Heritage Tourism Development of  
Kuto Besak Fort Palembang 
Meldo Andi Jaya*  
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Abstract: Kuto Besak Fort was constructed during sultanate of Palembang in  the 17th century. Located in the city center and on the 
edge of Musi river. And defined as heritage site by local goverment , In recent years has been developed as tourism destination. The 
study explained about the relations between heritage and tourism, and also tourism and image. This paper presents the 
transformation of Kuto Besak fort site, analysis of the role of designing place’s image, and identifies elements of image in tourism 
district. The designing image is one of concept in tourism. It has been used in so many cases in urban tourism development, 
especially fort development. This paper argues that the designing image of Kuto Besak Ford must be rooted in history and should be 
responsive to current and future development . Therefore this paper also attempts three recent succeed fort developments. The 
conclusion shows that  the success of heritage tourism development was supported by image  
Keywords: Palembang, Kuto Besak Fort, Urban Tourism, Heritage Tourism, Place Marketing, Image 
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1. INTRODUCTION 
Palembang is a river city, it has many rivers. The biggest 
river is Musi river which divided the region into two parts, Ilir 
and Ulu. Historically, the sultan built all palaces on the bank of 
the river, and also settlement/kampong along the river. 
Sultanate of Palembang and colonialism period had left 
intangible and  tangible heritage. Such as Kuto Besak Fort and 
some colonial buildings. That represent their architectural form 
and style. And some of them has been protected as heritage 
by local and central government. The old building and 
structures have a critical role in urban development. 
Matkousumo (2006) argued that exixtence of heritage 
structures does constribute only visually, but also physically, 
they play an important role as landmark of certain areas, and 
part of history of the area too. Historical monuments are today 
counted among the strongest pull factors of mass tourism for 
many destinations (Specht ,2014:2). 
Heritage tourism is a fenomenon. Today, In many 
developing countries, revitalization focused on tourism to 
enhance economic and increase quality of urban environment. 
Many city reconstructed new image to  attract many tourist. 
Some historical buildings and quarters have been revitalized, 
the promotion has been done, and new buildings have been 
erected. But the Place’s image was not succesfully created  to 
attract many tourist. Place’s images not an absurb. It can be 
identified and be created. Designing image must be able to 
respond the future development. As Kotler (1993:143) noted 
that place images are identifiable and change over time.  
In urban tourism perspective, urban heritage is not only be 
an object to bee seen but it make us see. It is argued that 
heritage is seen as an attraction. The heritage can consists of 
building, structure, and site. 
As a tourist destination, Kuto Besak Fort is not only as a 
fort but also built as kraton. Located in  the downton and on 
the bank of Musi river, and relatively still standing undamaged. 
Kuto Besak Fort is the only one fort built on the bank of river  
in Indonesia today. The built environments around  Kuto Besak 
Fort district represent achitectural style in three periods, 
Sultanate periode, colonial period, and independent period.  
2. DEVELOPMENT HISTORY OF KUTO BESAK FORT 
DISTRICT 
Acoording to Inajati Adrisijanti, there are two kinds of fort 
in Indonesia. Traditional Fort, it was tended to be built by 
exploiting environmental condition and it was asymmetry form 
and along the river.  And fort with western architecture style. It 
was built to control reigns of sultanet and for defence. 
In Sultanate of Palembang period, there were some 
kraton has been built along the river. They are Kraton of Kuto 
Gawang, kraton of Tengkuruk, Kraton of Kuto Lama, and Kuto 
Besak Fort. Kuto Besak Fort was built by Bahauddin in 1780. It 
was  located on the bank of Musi river,  southern of Kraton 
Kuto Lama (The old Kraton). The deference between  Kuto 
Besak Fort and Kraton Kuto Gawang is Kuto Besak Fort built 
around the kraton, while Kraton Kuto Gawang built around the 
city. In addition, Kuto Besak built with brick and higher than 
Kraton Kuto Gawang built with wood (Hanafiah,1989). 
 
Fig.1. transformation of Kuto Besak Fort district 
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The term of Kuto Besak Fort refers to kraton or palace. 
Hanafiah (1989;9) argued that the term of kuto refers to city, 
fort, high wall. According to Farida R, term of Kuto Besak Fort 
was used in colonial period, the Ducth thought that the wall 
arounded Kraton Kuto Besak was a fort 
In sultanate of Palembang  periode, Kuto Besak Fort had 
access to rivers in every side. But in colonial period, the Ducth 
began to construct street by covering the rivers (e.g Tengkuruk 
and Kapuran river). And also erected new buldings out and 
inside of Kuto Besak Fort. such as offices and houses. 
Unfortunately, many side of the wall of Besak Fort destroyed 
and other wall demolished. 
The planning of Kuto Besak Fort as tourist destination has 
been noted in several period. Even in colonial periode, when 
the Dutch destroyed Kuto Lama Palace and planned to 
construct  public park for recreation activities. As Sevenhoven 
discribes 
“Karena Kuta Lama dibongkar, maka disini akan 
terbentang lapangan besar. Ditempat ini penduduk akan dapat 
berkumpul dan mengadakan hiburan umum. Dan juga 
sekaligus seperti juga keliling Kraton Baru akan memberi 
suasana tempat untuk berjalan-jalan yang indah bagi orang 
Eropa”(Hanafiah,1989;10)  
In independence period, monument of Mompera has built 
in the north of Kuto Besak fort in 1980s. it was been new 
landmark with moderrn style. But unfortunately, a lot of old 
building has been demolished and the fasade  changed such 
as post office. Besides the military dominate around Kuto 
Besak Fort district and inside the fort for military activities. And 
from the early 2000s, Plaza of Kuto Besak Fort was revitalized 
and opened for recreational activities and tourism. It  may be 
the new period for tourism development in Palembang.  
Figure 2 is a heritage map around the Kuto Besak Fort 
shows the physical condition of the heritage according to 
survey  in 2015. 
 
Fig.2. map of heritage around Kuto Besak Fort district 
 
 
3. URBAN TOURISM AND HERITAGE TOURISM 
Urban tourism was developed in the industrial cities of 
Europe in the late 1980s and early 1990s. where the cities 
have economic problem  and urban cores were increasingly 
troubled by congestion, air and soil pollution, crime, physical 
downgrading (Berg, Borg and Meer,1995;5). And in Early 
periode, urban tourism was influenced by revitalitation of the 
downtown area which consisted many old buildings and 
historic urban quarters. Some of them are related to urban 
river revitalization, where the old buildings spread along the 
river. Breen and Ricby (1996;14) explained the urban 
waterfront projects often closely related to old building, 
visually, physically, and history. And it related to tourism. 
The urban environment is attractive. It can be a magnet for 
tourism. The characteristic of urban environment was formed 
by density of urban structure, social, and diversity of function. 
The old buildings, historic quarters play a  role in urban 
tourism-based on heritage tourism. They are a resoursce in 
heritage tourism which represent a history of place and human 
life. Thus, the city will loss his potential attractiveness by 
destroying the old building. Orbasli (2010:16) states 
‘developing an historic area specifically can range from an 
appreciation of its urban qualities to a re- presentation of a 
past era and a creative interpretation of history’. The urban 
language of a past era and the townscape value inherent in a 
hierarchy of street patterns, open space an intersection 
combine to create a physical attraction.(p.38) 
The study noted that architecture and tourism have a close 
relationship. As Specht (2014:2) states  ‘architecture plays a 
critical role in almost every area of tourism, providing 
insfratructure to enable tourists to reach  desired destination 
and one in place, accommodation to host them, while also 
allowing movement as some of the must basic prerequisites 
for tourism, it can argued that tourism is barely conceivable 
without architecture’.  
Heritage tourism typically relies on living and built elements 
of culture and refers to the use of tangible and intangible past 
as a tourism resource (Timothy and Nyaupane,2009:3).  
In addition to the consideration of urban tourism 
development is to identify who is the visitor and what they want 
or need. Thare are two types of visitor in urban tourism, they 
are resident and tourist. The tourist visit a tourist destination to 
find the authentic of place, to feel the experience of 
characteristic of place. 
On the other hand, The resident need a place to meet, do 
sightseeing, besides to find experience of place.The current 
trend of urban tourism development is not only to explore the 
heritage but also to accommodates urban lifestyle  such as 
recreation, leisure, and entertainment. It is important to 
consider to use urban space (open space, street, space in 
between) as a place (making place), in others term called as 
third place. As Kotler (1998;100) note that place need a range 
of attractions for their own people (resident/citizen) and visitors 
(tourist).  
4. MARKETING PLACE 
The study of place’s image can find in any literatures, 
such as Place Marketing (Kotler’1993), City Branding 
(Dinnie,2012). The term of image and place are commonly 
used in other fields, architecture, urban design, and tourism. 
According to Kecher and Cros (2002:178-179), The term 
‘place’ usually to identify the issues that related to heritage 
management and  development (tangible) such as archeology, 
historic building, artifact 
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Kotler, Haidar, Rein (1993;142) define that image 
represents a simplification of large number of associations and 
pieces of information connected with the place. Place’s image 
as the sum of beliefs, ideas, and impressions that people have 
of place.  
According to Kotler, Haidar, Rein (1993) that marketing 
place is not promotion of place, but promotion of place is a part 
of marketing place. Marketing place aims to design place’s 
image. As Tiesdel (1996;70) argue that Place marketing 
includes an attraction, place characteristic, cultural tourism 
object, heritage, setting, and  promotion. 
In 1980s, many cities in America and Europe reconstructed 
their image to attract tourist. Because the the place with poor 
image will be failure to attracts the tourist but the place 
supported by image will be success.  therefore, the place’s 
image  is a determinate factor in urban tourism today. As 
Kotler, Haidar, and Rein (1998) argue that a place’s image is 
critical determinate is to be respond to the place. Marie and 
Rolland (2011;64) argued that modern tourism carries with it a 
set of expectations, a set of image. 
 
Fig.3. relationship of tourism and marketing place 
According to Kotler (1993), there are three tools to create 
an effective image of place; (1) themes; (2) visual symbols; 
and (3) events. 
5. THE SUCCEED FORT SITE DEVELOPMENTS  
A. Rotterdam Fort   
It located in Makasar. Roterdam fort is a palace built by 
sultan of Gowa in 1545. The local name is Benteng Ujung 
Pandang. In 1970, the fort was taken over by local government 
from military. In independent period, many new building 
constructed around the fort. And the  impact not only on visual, 
but also physical. Figure 4 shows group of building inside the 
fort represents colonial architecture style. 
      
Fig.4. group of buildings inside the fort  
B. Tower of London 
Tower of London is a castel built in 1078. Located in central 
london, and on the north of the Themes River. The layout 
consists of tree wards. They are innermost ward, inner ward, 
and outer ward.  
Nowadays, Tower of London is the most famous tourist 
destination and able to attract tourist as much as million a 
year. The tourist and visitor can do a historical trail in the 
Iinnermost and Inner ward. The attraction can be old building 
and military activity. Figure 4 shows the outer ward for art 
installation. 
                    
Fig.5. an art instalation in the outer ward 
C. Fort Saint-Jean 
It located in Marseile and buitl in the 17th. The development 
represents a contemporary setting, where new building and old 
building show harmony. The site has been reconstructed by 
designing theme park, Mediterenia Park. It offers the history of 
Marseile with diversity of culture. Two footbrigdes were 
constructed to connect to new meseum and the others to the 
city. 
 
                                Fig.6. Fort Saint Jean 
6. NEW IMAGE OF KUTO BESAK FORT DISTRICT 
A. Theme 
The development strategy of heritage tourism in Kuto 
Besak Fort is to divide into several theme blocks. Table 1 
shows every block has their own different theme.  
 
Fig.7. master plan of Kuto Besak Fort district 
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TABLE I.  THEMES OF BLOCK 
Block Themes 
A Fort and CulturalPark 
B Museum Park 
C Historical Riverfront 
D Colonial Coridor 
B. Visual symbols 
Visual symbol is marked by landmark, consists  of 
structure, old building, and signage.  Creating  more alternative 
access to reach the landmark. Figure 8 is a proposal design 
shows ‘link’ between new building (museum Mompera) and old 
building (museum of Sultan Mahmud Badaruddin II), visually 
and physically . and shows a main gate proposal design of 
Kuto Besak Fort represents  architecture style of two periods.  
Besides, it is necessary to consider restoring the street name 
as the colonial period.  It can presents the atmosphere of 
colonial period. 
 
Fig.8. landmark as visual symbol 
C. Event 
Event offers an attraction, include festival, religious 
event, community event, and concert. Figure 9 shows the 
public place used for cultural event. 
 
Fig.9. cultural event 
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Abstract: Religiosity is always related with the belief and divinity, so that religious architecture understood as religious buildings such 
as mosques, temples, church, synagogue, monastery or a boarding school (pesantren). Discussion  about the religiosity in dwelling is 
few. In this dwelling characteristics of inhabitants formed and how the inhabitants of implementing religiosity in space in 
dwelling.Therefore, the discussion of religiosity in dwelling becomes important. The case studies in this research is the dwelling of 
Chinese Moslem. This research about changes in the form of space because changes in beliefs or traditions that exist in the Chinese 
Moslem community. This study chose dwellings in urban locations with limited land considerations and the impact of globalizat ion-
modernity. The study used the method ethnometodologi-narrative. Goals of this research is to find beyond the idea of dwelling in the 
Chinese Moslem community. Both Islam and  the tradition of the Chinese reverence for ancestral values taught the followers, but there 
are a fundamental difference in the understanding of both the physical and non-physical world which have implications for the 
monetary affairs dwelling. This article is part of the dissertation, and most of the datas and methods presented in ISAIA 2016. 
Keywords:  Religiosity, Chinese Moslem, Respect to Ancestors, Dwelling 
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1. INTRODUCTION 
Religious consciousness of every human being there since 
birth. Anywhere in the world, human religiosity in there. But in its 
development, human religiosity is undergoing evolution  in 
religious practice and  rituals.>@  Religious meant something 
related to life, the universe, and of the spiritual.>@ Religious 
related with ritual, metaphysical connected with supernatural 
powers (deity). This presents a paradigm in architecture that the 
generality of religious architecture as a building related with the 
rituals of the deity. The dominant paradigm of understanding of 
religious architecture raised issues about the physical aspects of 
the style of architecture that the religious buildings as well as the 
influence of the presence of religious buildings in the city and the 
society (including the city government policy and identity of the 
city and the community). Verkaaik explain understanding of 
religious architecture is somewhat different, namely to explain 
that religious architecture on the relevance aspect of religious life 
that means internalizing one's knowledge of the doctrine of 
religion.>@  Dwelling is the religious life because the real precisely 
in the dwelling. In the dwelling, the human are forming their 
character. Formation of human character is influenced by the 
values, religious beliefs and things that are very basic in family 
life. Meaning of the house to be very important in regulating 
human livers. Starting from home and ended up in the house. The 
house is closely related to religion/architecture religion>@ The 
architecture are acts space for humans, as well as acts of human 
into space in everyday life the next. 
In Case, I took were Chinese Muslims, in studies of ethnicity. 
Chinese are ethically hold tight their tradition. The belief in 
Chinese society be regarded as forming the Chinese culture itself. 
However, modernization and globalization affect the development 
and changes in all aspects of life including the belief. In 
Indonesia, before the era of the Reformation, only five religions 
recognized by the state, namely Buddhism, Hinduism, 
Catholicism, Christianity and Islam. Change the old belief to new 
belief (Catholic, Buddhist, Christian, Hinduism and Islamic) 
provide a change in the form of space in dwelling. The political, 
economic, socio-cultural and ideologicalinfluence these changes. 
The five religions recognized by the state, Islam has a 
fundamental value differences with the religion of Chinese origin. 
This study examines the Chinese Moslem dwelling. Focus on the 
implementation of Chinese traditional values and Islamic values in 
dwelling. 
The study used the ethnometodologi-narative ie with in-depth 
interviews and observations of three informants (Chinese 
Moslem) about stories from their experience in lives until he could 
reveal inward, forward, backward and outward from the informant 
who later restory in the form of narrative space and time and 
event architecture. The research location is not localized in one 
place, but this study took place that spreads based on the 
location of China's own Moslems were used as research subjects 
(random). This study chose dwellings in urban locations with 
limited land considerations and the impact of globalization-
modernity. 
2. THE METHODS  
This study uses ethnometodologi-narative. The method is 
based on the experiences of informants in the form of a story, 
then put them together researchers from several stories related to 
another informant, arranging information data with one another 
become restory. >@ In this study, a series of stories from 
informants in restory into shape and space in the narration. The 
study used the three informants Chinese moslem. In a preliminary 
study, it was revealed that the informants including the 
“Peranakan Chinese”. Peranakan Chinese terms are Chinese 
who are married to native indigenous people/ “pribumi” who then 
have children. Their children are named as China Peranakan. 
Third Informant are a Chinese Moslem "Chinese Peranakan" 
second generation, third and fourth, with dwelling in urban areas, 
the status of the house is proprietary. 
Three informants that I have marked as I-1, I-2, I-3. 
Specifications I-1 is male, businessman, “Chinese Peranakan” 
second generation (the original father of the Chinese origin, the 
mother is “Chinese Peranakan” from Brebes), converted to Islam 
before the wedding on their own consciousness. I-1 a 
businessman paper that has employees nine people living in the 
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house, as RW (Rukun Warga is chairman region), he has got twin 
daugthers (one wears a hijab and others did not), but the hijab 
daughter is only wearing hijab when she is outside the home. His 
wife was a descendant of Chinese, not hijab. Converts the time 
before marriage (Buddhist father and another family is not 
Moslem). 
I-2 an Islamic religious leader as chairman of the Foundation 
Lautze Mosque (mosque which manages Chinese converts. I-2 is 
as the descendants of Chinese descent generation to third. Islam 
(his father was a religious leader of Chinese descent in the era of 
independence Republic Indonesia). He married Chinese descent, 
hijab clad converts both at home and outside the home according 
to Islamic law. He has got three kids, 2 males and 1 female. His 
daughter dressed in hijab. 
I-3 is an architect and as a lecturer. His parents are Catholic. I-
3 generation is Chinese descent married to a Javanese-Moslem. 
They convert the time of marriage, but of consciousness itself. 
They have got tree children (2 females and 1 male) who hijab’s 
clothes both at home and outside the home. He designed his own 
their home matches what they want. The background as an 
architect provides design considerations of its his space. 
Data observation, in-depth interview were processed and 
analyzed by connecting and check-rechek of data with each 
other, as well as from sources with each other, then at restory in 
form and space. 
Results of the research is a description and an explanatory 
relations between the interview (story) and observations from the 
relevant sources that reveal the meaning of human life space in 
space life cycle. 
3. ETNIS TIONGHOA MUSLIM DI INDONESIA  
Chinese have an important role in the spread of Islam in 
Indonesia. Chinese in Indonesia, including ethnic minorities, but 
Chinese Muslims are a minority of the ethnic Chinese itself (only 
about 0.5% of the total ethnic Chinese in Indonesia). 
In the begining the Chinese who come to Nusantara 
(Indonesia) with several more waves to the religion/ beliefs of 
their ancestors, namely Confucianism, Taoism and Buddhism. In 
fact, their belief that their culture.>@ Most of them are poor farmers 
from Chinese to flee the country because of his opposition to the 
Ching government. Their goal is migrated to Nusantara for a 
living. Most of them did not bring the family, it is because they 
assume that migrant not necessarily successful. Then among 
them there eventually settled and married local women and have 
children in Nusantara.>@ Their descendants known as the 
"Peranakan China" that thousands of ethnic Javanese, 
Sundanese, Balinese and others with a father from China. 
Peranakan Cina get more local culture (mother culture) than 
fathers culture. As explained in advance that the spread of Islam 
in  Nusantara can not be separated from the role of these 
Chinese people. As we know by Raden Patah, some Wali Songo 
such as Sunan Ampel and Sunan Bonang, Fatahilah or Faletehan 
and many as assimilation a process of acculturation provide 
cultural changes affect each other. Various architectural heritage, 
customs and culture is the result of acculturation between China 
and the local culture.  
However in Indonesian history, various historical events, the 
Dutch colonial period significantly affect its own history of Chinese 
in Indonesia (Nusantara). In the Dutch colonial era on Indonesia's 
approximately 1740 (VOC era), there was a war that is wide 
enough that “Laskar Tionghoa” (Chinese and Javanese) 
resistance war against VOC. VOC quite overwhelmed by this war, 
and with the political de vide et imperal between Javanese and 
Chinese. Chinese people should not stay in the village and had to 
stay in the city that is in Chinatown, and they should not embrace 
Islam because the religion of Islam, they can still interact with the 
Javanese and Sundanese.>@ people (orang pribumi) make 
Chinese and other ethnic groups (Javanese and Sundanese) 
creates jealousy because of the social and economic position. 
This has to preserve between "pribumi dan nonpribumi" in the 
attitude of society. 
Prohibition embraced Islam and stigma that was built by the 
Dutch brought up to now. So many Chinese who converted to a 
religion other than Islam. In their minds, "Islam is a slum, Islam is 
poor". In addition, the mindset of feodalism (who taught the Dutch 
government) inherent in some communities in Indonesia, 
including in the Chinese community. 
Chinese journey is filled with ups and downs of policy, politics 
and historical Indonesian nation itself. From antiquity still 
kingdoms, the Dutch colonial era, the reign of the Old Order, New 
Order government, Reformation, up until now. Chinese became 
part of the object or subject of the trip policy itself. The Chinese 
often used as an "intermediary" money- making machine at the 
same time, both by kings and by the colonial authorities in 
Indonesia. What about the majority ethnic Chinese who converted 
to Islam? A serious struggle for an Chinese to embrace Islam. 
Someone must fight against the stigma that developed in Chinese 
communities and businesses to be accepted among Moslem 
themselves most of whom are people of other ethnicity. The 
values are different between the Chinese tradition and Islam is an 
inner dialogue and dialogue on the environment to manifest itself 
in the space of their daily lives. 
4. DISCUSSION: RELIGIOSITY IN DWELLING - Respect to 
the Ancestors 
In the begining the Chinese who come to Nusantara 
(Indonesia) with several more waves to the religion / beliefs of 
their ancestors, namely Confucianism, Taoism and Buddhism. 
Even their belief that as their culture. The belief that they profess 
greatly affect daily life. Confucianism, Taoism and Buddhism are 
the three major religions in China. Some Chinese say their 
philosophy of unity between man and nirvana (paradise). Chinese 
belief of the immortality of influence from ancient times until now 
in the Chinese community to community educated Respect to 
ancestors became very important and very prominent tradition in 
China. Their belief that the spirit world (ancestor) greatly affect 
the lives of their descendant world (spirit/metaphysics world 
affects the physical world). In their daily lives, they held religious 
rituals to honor ancestors with their ancestral altar. Beside that, 
Chinese people also worship the gods. Gods that they believe 
that there are three gods Kwankong (god of war who gives 
courage), the goddess Kwan Im (the goddess of love and well-
being), and the god Sam Kwan Tay Te (god of the sky, the earth 
god and the god of water). But for people of Chinese descent who 
have Tridarma religion, they believe that respesct to  ancestors, 
they also worship the goddess Kwan Im and believe that every 
human being thinking about a god that suits him. In every place of 
prayer in the form of an altar, they provide a set of tools such as 
prayer: hio place in the form of small tables placed on top of the 
cistern filled with sand to stick incense when they pray, gods and 
offerings. Especially for the altar of parents (ancestors) mounted 
photographs or images of ancestors or old folks. Worship 
ancestral spirits as a cult that has contributed to the integration 
and perpetuate ancestral presence in family life in the Chinese 
community. This worship is an aspect of ritual and traditional 
Chinese family system.  
Respect to ancestors or parents is a common ethical 
dogmas, not just as a Chinese dogmas but also the dogmas of 
Islam. But there is a fundamental difference in the concept of 
"death" between Chinese and Islam. Chinese dogmas with "if you 
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drink water remember the source" is a fundamental dogma of 
how one should honor their ancestors with certain rituals. Chinese 
dogmas, that parents / ancestors (who have died) plays an 
important role in the lives of their descendant. This means that 
the success and the success of his descendant are alive thanks 
to the intervention of ancestors. Chinese New Year is one of the 
media and a must for the Chinese community celebrated the 
previous day to hold their prayer at his home. They put the 
ancestral altar and picture as well as the offerings at the altar. 
Kue kranjang and bandeng is a necessity to be prepared, and 
also rituals before the Chinese New Year celebration as to clean 
the house and do not clean at time of Imlek day from waking up in 
the morning until evening. A large family gathering in the old 
house, and then the parents gave ampau in the young. Food 
served manifold. Old tradition of Chinese New Year celebrations, 
which served special foods such as kue kranjang, bandeng, 
noodles, mandarin oranges or Lokam, even the pigs as well. But 
because of the development of the era (modern era) that 
demands practicality, some families still celebrate but they 
ordered food from outside (catering). 
In Islam, reverence for ancestral done anywhere let alone in 
times of prayer and at any time regardless of time and place. This 
means that in Islam does not wear certain rituals as a form of 
respect for parents or ancestors. The basic thing that is very 
different from the Chinese doctrine is, that nature spirits (or the 
supernatural nature of life after death) to the dogmas of Islam is 
precisely a natural expectation that your spirit can not contribute 
anything to the lives of their descendant  in the world. In the 
dogma of Islam rather people who had died (the spirit world/ 
metaphysics world) waiting for a helping hand from the living 
(children and descendant) to pray for him. Only three things can 
still be delivered from the living world to the world of the dead is a 
perpetual charity, beneficial knowledge and pious children's 
prayer. Prayer pious child is actually expected by parents who 
died. When illustrated with diagrams on fig.1. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 .  The Difference Between The Mindset of Chinese Tradition 
and Islam. 
The dogmas attitude and  spaces consequences both in 
dwelling and outside the dwelling. Inside the dwelling, the dogma 
of Chinese is holding a consequence ancestral altar in one 
rooms. Traditional Chinese house, the ancestral altar  is placed in 
the living room (front room), so that when entered the home 
straight she discovered was the altar, and they perform the ritual 
with a hand held up, sometimes wearing incense. 
The fundamental difference between the value of Chinese 
tradition and Islam in honor ancestors implications for the 
placement of sacred space in the dwelling. To make  the 
ancestors altar and "measure" a suitable place for the placement 
of the altar to ask the experts (experts fengshui) is done in order 
to get the right position for the placement of the ancestors  altar 
and the altar of the god (non-physical), whereas the 
understanding of Islam, sacred space at all are less concerned 
about the position. Sacred space is used as a place of worship/ 
shalat  by referring to the "sacred / absence of a place of  najis 
and hadast".  Najis is dirt in the form of material while hadast is 
dirt in the form of non-material. 
The three informants, their dwellings had not seen ancestors  
altar and gods altar. For Informant I-2 and I-3 precisely in their 
house available specifically mosque were placed on the front, 
easily accessible to guests (in the public area). On I-1 is not found 
praying, but when researchers want to pray (shalat), I-1 invited 
me in the daughter’s bedroom. In this dauther’s bedroom, 
footwear off so that the dirt from the outside in the form  najis 
does not it. 
Respect  to ancestors (I-1): in their homes no longer exist and 
gods ancestral altar. They respect the ancestors with the Islamic 
way is to pray at prayer time. A Few years ago, his house be 
used to religious study the environment society, but now is not 
done anymore. I-1 religious activity was limited to the 
implementation of the Five Pillars of Rukun Islam and Rukun 
Iman (in Islam). I-1 is no longer in the study either custom or 
community environment. At the time of the Chinese New Year, 
they still celebrate. Ritual day before Chinese New Year is an 
event “bebersih” or to clean until the night before the Chinese do 
like the Chinese tradition. Ritual prohibited “bebersih”or to clean 
on Chinese New Year (from waking up in the early afternoon) 
also was conducted. Cooking specialties and provide special food 
for the Chinese New Year as bandeng,  kue kranjang, mandarin 
oranges and  ect. Gathered at home "parent" or a large family 
house (house parents)  with large families do together with her 
extended family. At home the "old" still held the ancestral altar. 
Their recognition is done solely as a tribute daan relationship with 
his family. Besides the awareness that they are Chinese remain 
intact. 
Respect  to ancestors (I-2): in their homes no longer exist and 
gods ancestral altar. They respect the ancestors with the Islamic 
way is to pray at prayer time. There is a mushola in his home 
precisely placed close to the living room. I-2 is a Moslem since 
birth, and his father was the founder of the foundation, namely 
Karim Oei Lautze mosque authorities. Lautze Mosque is a 
mosque whose congregation was mostly Chinese. One of the 
programs of this mosque is to provide an understanding of Islam 
among Chinese and foster converts the majority are Chinese from 
the religion of Islam. Pioneering the master is then pinned him 
that as chairman of the foundation today. In Islam, this step is a 
form of homage from ancestors (parents) that perform the 
mandate given parent. Activity I-2 as a leader among Chinese 
Muslims as the implementation of Islamic practice and  religious 
advice parents. 
Respect  to ancestors (I-3): in their homes no longer exist and 
gods ancestral altar. They respect the ancestors with the Islamic 
way is to pray at prayer time. There is a mushola in his home 
precisely placed close to the living room (basement). Dimensions 
of this mushola about 10 x 6 meters. There can be accessed from 
the living room or from outside. This mushola formerly used as a 
place for  the environment society (before in their community 
have a mosque). His wife is Javanese moslem cleave (visible 
from the appearance of clothing / hijab) reinforce the faith. His 
activities as an architect, has designed and built many mosques, 
one of which is the mosque environment. I-3 has a religious 
community that activities in the mosque. They have not done 
Imlek events, even major holidays such as Christmas and Islamic 
holidays they celebrate. Respect to their parents did with visiting 
parents during the holidays of Christmas. 
The three informants, when viewed from space, the physical 
form does not show all three Chinese tradition again. Change the 
religion, they do with the change of form of space dwelling. But 
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the level of understanding in their belief can not only be seen from 
ornaments and elements of space but can be revealed with the 
method narativ that with their experience good restory inward, 
forward, backward and outward them. In informants I-1, outward 
(his wife do not hijab), having explored more deeply, apparently 
they still exist in the Chinese tradition of Chinese New Year 
celebrations. While the I-2 and I-3, both (outward, their wifes do 
hijab) and of the recognition they do not celebrate Chinese New 
Year. When viewed from space dwelling, I-1 no mushola but the 
law "holy" they understand and apply. While I-2 and I-3, both 
provide prayer rooms/ mushola in his house. The Social position 
and social life also affects the confidence that has implications for 
understanding the form of space dwelling.  
5. CONCLUSION 
Implementation of the values of the old and new in the 
Chinese dwelling influenced by the strong-weak levels against the 
value of the bond. Chinese moslem, old value (the Chinese 
tradition) Gradually abandoned and replaced with new values (the 
values of Islam). In the Chinese moslem dwelling also found 
changes in the meaning and recpect to ancestors experienced a 
very fundamental changes that reverse the mindset of the 
influence of "the spirit world/metaphysics world to the physic 
world" to the mindset of "the physics world to the spirit 
world/metaphysics". Change this mindset affects the behavior and 
form of space in the overall dwelling. Respect to ancestors or 
parents is a common ethical dogma, it is not just as a Chinese 
dogma but also the dogma of Islam. But there is a fundamental 
difference in the concept of "death" between Chinese and Islam. 
Chinese dogmas with "if you drink water remember the source" is 
a fundamental dogma of how one should honor their ancestors 
with certain rituals. Chinese dogmas that parents / ancestors 
(who have died) plays an important role in the lives of their 
descendant. This means that the success and the success of his 
descendant are alive thanks to the intervention of ancestors. The 
fundamental difference between the value of Chinese tradition 
and Islam in honor ancestors implications for the placement of 
sacred space in the dwelling. Ancestors altar and "measure" a 
suitable place for the placement of the altar to ask the experts 
(experts fengshui) is done in order to get the right position for the 
placement of the altar ancestors and the altar of the god (non-
physical), whereas the understanding of Islam, the sacred space 
at all are less concerned about the position. Sacred space is used 
as a place of worship by referring to the "sacred / absence of a 
place of najis and hadast". Najis is dirt in the form of material 
while hadast is dirt in the form of non-material. 
Change the religion, they do with the change of form of 
space dwelling. But the level of understanding in their belief can 
not only be seen from ornaments and elements of space but can 
be revealed with the method narativ that with their experience 
good restory inward, forward, backward and outward them. The 
Social position and social life also affects the confidence that has 
implications for understanding the form of spaces. The values of 
the old and new in the Chinese dwelling influenced by the strong-
weak levels against the value of the bond. Chinese moslem, old 
value (the Chinese tradition) gradually abandoned and replaced 
with new values (the values of Islam). In the Chinese moslem 
dwelling also found changes in the meaning and recpect to 
ancestors experienced a very fundamental changes that reverse 
the mindset of the influence of “the spirit world to the physic 
world” to the mindset of “the physic world to the spirit world.”  
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Strategy to Adjust Musi Riverfront Development at Palembang 
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Abstract: Redevelopment at Musi riverside in Palembang is needed in order to establish the identity of Palembang as a river city, as 
well as the opportunity of exploiting the potential of the riverside for developing various urban activities. This development is also 
needed in order to rehabilitate the decreasing natural hydrological function and ecological value of the waterfront as a result of 
unplanned physical growth in this low-lying area, one of the most rapid growing areas of the city. This paper aimed to present an 
appropriate strategy for urban development at the Musi river waterfront. Urban morphological approach is used in this study to 
understand the form and character of the built area in its geographical setting. The most appropriate engineering principle and scenario 
is introduced to support livability and sustainability of the lowland Musi river waterfront area through applying the appropriate 
technology needed, using different parameters such as environmental and engineering factors. The results revealed that the model 
with recognition of the ecological and engineering significance of lowland areas is important to achieve good quality development in 
generating the desired Musi river waterfront structural characteristics in the future, and at the same time can maintain the natural 
configuration of the environment. 
Keywords: lowland environment; urban morphology; waterfront development 
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1. INTRODUCTION 
The city of Palembang in South Sumatra is located in low-lying 
banks of the Musi river, and the river banks area is the site of the 
early growth of the city. The existence of the Palembang 
Darussalam Sultanate center built in the early 17th century, the oil 
industry, port and various other municipal infrastructure, as well 
as community settlements demonstrate the use of the river banks 
in supporting urban activities. 
 Construction of a bridge across the Musi river in the early 
1960s a big influence on the development of Palembang city, 
especially in the banks of the river Musi. Social and economic 
activities were originally oriented to the river began to shift to 
land, water and the vital role of regional banks of the Musi river as 
an artery of the city began to fade. On the other hand, the need 
for residential land is increasing due to urbanization and 
population growth has fueled the growth of community settlement 
fill vacant land on the banks of the river Musi, especially those 
located in the downtown area. Region riverbank wetlands 
character tends to be less organized, solid, and rundown, the 
impact on the preservation of wetlands that are naturally rich in 
benefits, both ecological, economic and socio-cultural. 
Understanding the need to build the character of Palembang 
as a river city, as well as their chances of exploiting the potential 
of the riverbank area for developing various urban activities, 
riverside neighborhood began to receive attention. Efforts city 
authorities conducting arrangement, restoration and preservation 
of the river front need to be supported, given the economic 
activities relating to the urban banks of the river Musi such as 
industrial and commercial, as well as the unique cultural and 
historical heritage is left still has great potential to be developed. 
Environmental management activities wetlands requires rules 
that do not conflict with the principles of ecology, therefore the 
development of the Musi riverfront which has the character of 
wetlands requires the principle of integration between the 
activities of city development with conservation and utilization of 
wetlands. 
Thus the existence of the research activities related to aspects 
to overcome the negative effects of physical development in the 
wetlands, in addition to the creation of the aesthetic value of the 
area, is required to create the design of city waterfront 
environment in Palembang. 
2. EXPERIMENTAL DETAILS 
A. Metodology 
The study begins with delineating the observation area, 
followed by identifying the formation process and to evaluate the 
physical development of each region in relation to the ecological 
aspects of the surrounding, as well as the strategy to develop the 
region as a whole front. 
Observation is heald in low land inundated area along the 
banks of the Musi River that was developed for functional 
activities and community settlement. The building setting is 
observed in the field related to engineering used in overcoming 
due to overflowing tide, building’s system, land use and land 
cover, drainage system; Data and information obtained based on 
the interpretation and evaluation were then analyzed with spatial 
analysis. 
A study of the morphology of each typology is needed to 
explain the process of the waterfront formation as well as 
estimate the physical changes that will occur and their effects on 
the ecology of the area. The analysis will be done by testing the 
component patterns are two dimensional, include: analysis of the 
physical structure of the building layout, track movement patterns, 
landuse and space use, include a description of the form and 
physical structure on the site. 
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Fig.1. Water edge Typology at Musi Riverside, Palembang. 
 
B. The principle of the development of wetlands inundated 
riverside  
The performance of an urban river edge is a key aspect of 
urban redevelopment river. Compare performances between 
different sites, different alternatives, and different dimensions. 
There are three-dimensional approaches of Aesthetical Value of 
Watercourses: the river, the city, the people. 
3. RESULTS 
A. Types of water edges at the Musi riverside of Palembang. 
Waterfront identifies the water’s edge in cities and towns, and 
the nature of water edge identifies methodologies and techniques 
of further improvement. This is essential as it help to develop the 
area in reference to how people interact with that place. Therefore 
typologies of Musi river side in Palembang are essential part of 
this study. 
 
 
 
 
 
 
Fig.2. Cconfiguration Pieces of land on the banks of the Musi 
River in Palembang. 
Based on observations of land use on the water's edge along 
the Musi River in Palembang can be distinguished by the uses of 
engineered barrier against tidal inundation of the river to support 
the urban facilities (port, factories, ware houses), the dwelling 
settlement, and also the greenfield. 
The observation of some different locations along the Musi 
riverside in Palembang area (Fig.1) which are flood prone area 
found out that there are generally five dominant types of water 
edges, those are: 
 
 
 
 
 
 
TYPES OF WATER EDGES AT THE MUSI RIVER 
PALEMBANG. 
 
 
 
 
 
1. Lifted Plaza, creating a 
public space. 
 
 
 
 
 
 
2. Retaining wall, supporting 
functional buildings such as 
ports, industry, transport. 
 
 
3. Prominade, restricting the 
dwelling settlement and 
social facilities 
 
 
 
 
 
 
 
 
4. Lifted Dwelling Settlemet 
 
 
 
 
 
 
 
 
 
 
5. Greenfield: shrubland area 
has not been built. 
1.Morphology 
The existing water edge’s typology generally have 
experienced some changes in form. The morphology of riverside 
in flood prone has closed relationship with the potential inundation 
occurred and other hydrological characteristics. Changes in land 
cover and slope often impact on surface runoff, where the ability 
of the infrastructure will determine the quality of the environmental 
aspects. 
From observations at shows the change in land use and the 
use of space in each typology are as follows: 
A. Lifted Plaza 
 
 
 
 
 
 
• The image of the area changed drastically when banks on the 
river section the site were heavily reinforced with high 
concrete walls. 
• Development of an attractive plaza Provided social 
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space.activities and uses connected with the Musi River have 
been developed in the areas.  
• Changes in the function of the natural condition of the 
riverside system will Affect: biodiversity, flood resistance, 
resilience of the riverside space systems and the functional 
use of the riverside. 
2. Retaining Wall 
• construction of a retaining wall and stockpiling was made 
before the building is mostly functional port, factory, 
warehouse, workshop, and other public facilities. 
• the existing building site has infilled by new buildings suround 
the old one.land connection with water through a dock that 
had been prepared 
 
 
 
 
 
 
 
 
 
• Numerous urban activities and uses connected with the Musi 
River have been developed in the areas. provided a 
continuously attractive social space. 
• The river has been used as an important transport line, port, 
entertainment area, market place. 
• Changes in the function of natural condition of the riverside 
system will affect: biodiversity, flood resistance, resilience of 
the riverside space systems and the functional use of the 
riverside. 
3. Prominade 
• In general, existing settlement areas have undergone a 
process of compaction in fills the spaces between the old 
buildings. ‘The Prominade’ circulation path parallel to the river 
was built later to limit new buildings that tend to develop 
toward the river. 
• Supporting infrastructure, such as transportation and drainage 
system in the area  is very limited. 
 
 
 
 
 
 
 
 
 
 
• Loss of floodplain areas by the watershed development result 
in a river resource that significantly differs from the natural 
channel that once occupied its valley.  
4. Lifted Dwelling Settlement 
• In general, the existing settlement has undergone a process of 
building’s compaction filling spaces among old buildings. 
• mostly in all sections, buildings were situated right next to the 
river body. In turn, these changes impose constraints on the 
application techniques to the riverside development. 
• The occurrence of additional building toward the river as a 
result of infill in the settlement areas. 
• The unplanned development of an urban watershed filling the 
flood plain near the river as well as changes in land use result 
in the soil disturbance and affect watershed hydrology.  
 
 
 
 
 
 
 
 
 
 
• Activities in the watershed, including significant alterations in 
land use, and exposure of soils by building construction, can 
result in significant impacts to the riverside area. In turn, these 
changes impose constraints on the application techniques to 
the riverside development. 
5. Greenfield 
 
 
 
 
 
 
 
Undeveloped riverside area that overgrown by shrub and riparian 
vegetation. There is no clear boundary between land and water, 
especially during high tides. The area is not supported 
infrastructure, transportation, drainage. 
4. DISCUSSION 
The physical development objective of the riverside can be 
achieved through certain principles that will enhance the 
resilience of the riverside and reduce the environmental impact, 
these principles are: a) secure the quality of water and the 
environment, b) maintain urban space quality, c) develop 
accessibilities and activities. 
A. Secure the Quality of Water and the Environment : 
This principle is based on seeing the river as resources that 
can give the main characteristics of the area, and have 
significance to the environmental impacts and natural 
disturbance. Flood vulnerability related to the bank shape, and 
the presence of hydromorphological elements. Biological 
Components : Biodiversity, Presence of riparian vegetation in the 
river banks. Natural and Technological Hazards : Bank erosion 
and landslide risk. 
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The potential to secure the quality of water and the 
environment principle objectives for each types are Described 
below. 
1. Lifted Plaza 
- the vertical concrete walls reinforced the river banks give 
the resistance for floods Flood vulnerability Bank erosion 
and landslide risk. 
- the low density in the area resulting in low disturbance of 
natural dynamic processes in the area 
- Pavement causing changes in temperature, and other 
conditions that degrade habitat  
- The ability of the infrastructure will determine the quality of 
the environmental aspects. The rainfall runoff from the 
urban area is diverted into the river.  
2. Retaining Wall 
- the degree of the disturbance of natural dynamic processes  
is high due to the high building density in the area. 
- the banks are reinforced with vertical concrete walls 
menyebabkan the riparian vegetation in the area is 
completely absent.  
- more infrastructure needed to upgrade the quality of the 
environmental aspects. The rainfall runoff from the urban 
area is diverted into the river.  
3. Promenade 
- The dense dwellings are situated right next to the river, 
bordered with prominade still allows the movement of the 
tide to the area 
- The high density of the settlement led to high the 
disturbance of natural dynamic processes in the area 
- the riparian vegetation is rare and almost entirely removed 
from the area. 
- the rainfall runoff is drains directly into the river due to the 
lack of rainwater drainage system. 
4. Lifted Dwelling Settlement 
- The dense dwellings are situated right next to the river, the 
elevated construction of dwelling still allows the movement 
of the tide to the area 
- The high density of the settlement led to high the 
disturbance of natural dynamic processes in the area 
- the riparian vegetation is rare and almost entirely removed 
from the area. 
- the rainfall runoff is drains directly into the river due to the 
lack of rainwater drainage system. 
5. Greenfield 
- The slope of the river edge is natural and allows movement 
of the tide flooded the area. 
- The degree of disturbance of natural dynamic processes on 
the greenfield is low. 
- The area was densely covered in riparian vegetation, and 
variety of species (aquatic, amphibian and terrestrial 
vegetation) is high. 
B. Maintain Urban Space Quality 
Visual Permeability (Visual contact Depth of views, Width of 
views), Density of landmarks, Built space quality, Public utility of 
riverfront, Intensity of construction. Significance to the visual, 
social, and cultural identity (city image, community identity), and 
Cultural Heritage : 
1. Lifted Plaza 
- the quality and amenity value of open space with proper 
public utility infrastructure strengths the characteristic of the 
area which significance to the visual, social, and cultural 
identity of the city.  
- there are some typical belvederes in the area and 
landscape points in the back ground. 
- the cultural heritage with high quality is attractive (old 
sultanate palace).  
- public utility infrastructure spread in th riverfront area. 
2. Retaining Wall 
- the quality of buildings (business and commercial) are 
characteristic of the area. 
- buildings with poor quality, public utility infrastructure spread 
mostly on the river bank. 
- In the area, a partially urbanized use of the riverfront area 
prevails with predominantly urbanized use of riverfront. 
3. Promenade 
- footpaths are arranged along the entire study reach on both 
sides of the river channel 
- poor quality urban environment in the area with a dense 
sirculation path network, poor quality of public utility spread 
mostly on the river bank. 
- the cultural heritage of vernacular architecture settlement is 
extremely abundant and attractive and undoubtedly 
contributes to the aesthetic value of the area. 
4. Lifted Dwelling Settlement 
- Poor quality constructions are to be found in the settlement 
where several old dwellings require for reconstruction. 
- The quality of the riverfront areas and amenity value of the 
riparian areas is very low due to the characteristically low 
settlement quality and recreational possibilities. 
- the cultural heritage of vernacular architecture settlement is 
extremely abundant and attractive and undoubtedly 
contributes to the aesthetic value of the area. 
5. Greenfield 
- In general, the state of the green system within the study 
area is good. 
C. Develop Access and Activities 
Making riverside area as an active, livable, and accessible 
area. This principle allows for a functionally diversity of uses 
along the riverside will create attractiveness and vibrant 
waterfront, public spaces and cultural activities. It is also the 
accessibility of the riverfront by river crossings, public transport, 
walkways and bikeways. 
The potencial to increase access and activities for each types 
are described below. 
1. Lifted Plaza 
- The waterfront areas is accessible to the public and it has a 
diversity of urban activities.  
- The attractiveness of the area is high due to numerous 
possibilities of spatial uses and activities  along the plaza 
- The pavement allow significance to the visual, social, and 
cultural identity (city image, community identity) 
- Activities in the area can result in significant impacts to the 
riverside area.  
2. Retaining Wall 
- Main characteristics and strengths of the area is the 
diversity of urban activities with predominantly urbanized 
use of riverfront prevail in this area and give the ignificance 
to the visual, social, and cultural identity (city image, 
community identity) 
- people navigation with boats of all sizes on the river. 
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3. Prominade 
- The Path in front of the settlement area as an important 
element of the urban design runs parallel to the river bank 
and adds to the amenity value of the area 
- The waterfront areas is accessible to the public. Easy 
approach to waterfront. 
- Mostly sirculation, neighborhood activities are possible. 
Water independency. 
4. Lifted Dwelling Settlement 
- The waterfront areas is not accessible to the public, difficult 
approach to waterfront. 
- Mostly sirculation, neighborhood activities are possible. 
Water independency. 
- Traffic is limited and no parking; only has routes to the river. 
5. Greenfield 
- The green field areas is not accessible and the waterfront 
area is difficult to be approached. No sirculation and no 
activities are possible.  
5. Conclusion 
In the area of the city centre, a diversity of urban activities 
were predominantly urbanized use of riverfront. The 
attractiveness of the area is high due to numerous possibilities of 
spatial uses and activities. The built-up area on each bank of the 
Musi River is characterised by urban visual axes. In the Musi 
River study area, a partially urbanized use of the riverfront area 
prevails. Therefore the amenity value of the riparian areas is 
highest on the central area  due to the characteristically high 
comercial quality and recreational possibilities.The attractiveness 
of the riverfront area is high in the center, more densely urbanised 
area. 
The strategy also aims at using plantation to achieve two 
goals, the first is using plantation as an air filter. The second is 
using it as space definer in which plantation will be use to visually 
define various spatial functions allocated along the riverside. 
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Abstract: Bayah has abundant natural resources, one of them is  bayah’s zeolite. Amount of impurities contained in bayah’s natural 
zeolite, that affect the quality of zeolite, thus activation and modification is required to improve the catalytic activity of natural zeolite. 
Activation of natural zeolite can be done with chemical (either with acids or basic) and physical (heating). This research use activated 
natural bayah’s zeolite with NaOH solution (1M; 3M; 5M). Impregnation process used Fe(NO3)3.9H2O solution (0.025M;0.05M;0.075M) 
and calcination at 500oC. Characteristic of natural bayah’s zeolite is being analyzed with BET (Brauner emmet teller), crystalinity 
catalyst use XRD (X-Ray Difraction), amount of metal impregnation use XRF (X-Ray Fluorosence) and catalyst surface morphology 
use SEM (Scanning Electron Microscopy). The results obtained characteristics of the largest surface area is 23,46 m2/g and pore size 
9Å. The amount of Fe as the greatest impregnation is 7,73%. Based on the result of SEM obtained that morphology of zeolite af ter 
activation more neatly than the morphology of the zeolite before activation because the rearrangment of atoms exchanging layout. 
Diffractogram results showed peak of metal impregnation  2θ = 24,14°; 33,15°; 39,28°; 40,86°; 43,52°; 49,48°; 54,09 dan 62,45°. 
Impregnation metal (Fe) cause a shift in the pattern of diffraction but there is no damage in main structural modernite. 
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1. INTRODUCTION 
Tree is the part of hydrology component which plays an 
important role of sustainability hydrologic function. The existence 
of tree determines water movement from the atmosphere to soil 
surfaces and finally percolates into the soil. Which is the part of 
tree as raindrop arranger, what is the fundamental reason that 
tree has ability to manage raindrop. All of those questions will be 
answered on this research. Many expertise say that the function 
of tree’s community become an integral part of hydrology system 
on watershed because of tree’s canopy, branching and root 
system which can arrange the movement of raindrop very 
smoothly, and finally can be used to maintains watershed 
performance. 
Tree’s canopy architecture reduce kinetic energy of raindrop 
because of branching system which contain of twigs and leaves in 
the form of canopy’s stratification. Every kinds of tree has own 
canopy architecture [1,2,3,4] and can be analyzed to investigate 
the potential of raindrop speed reduction. Furthermore, the ability 
of raindrop speed reduction depends on branching system 
condition that can be approached by the level of canopy density 
[5,6].
The low canopy density accelerate through fall (raindrop 
movement through branching system) in large quantities and may 
disperse soil particle and then the chance of blockages will go up 
[7,8,9,10,11]. That condition does not support the ability of 
watershed to manage hydrology performance especially on 
suboptimal region. The understanding of branching system 
performance has been done through approach of light 
interception model which is known as Beer’s law [12,13,14]. 
> @kLII  exp0 (1) 
Wriggle out of irradiation from a layer of leaves (I) at specific Leaf 
Area Index (L) is considered by the quantity of irradiation on the 
top layer of leaves (Io) and block out coefficient (k) [15]. 
The modification of Beer’s law brings out through fall and stem 
flow model and the part of it is canopy density index (CDI) [5] as 
follows:       
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(2) 
CDI = Canopy Density Index, k = coefficient of correlation 
between through fall (mm) and rainfall (mm), ξ = number of 
branches, π = 3,14, h = height of canopy (m),  w = width of 
canopy (m). 
The major factor of through fall and stem flow model are 
number of branches, height and width of canopy which determine 
raindrop movement to soil surface. Fraction of through fall can be 
estimated by the model and it is the function 
of the third major factor. The third constituent canopy factor 
determines canopy’s density and should be quantified to make it 
simple for understanding canopy’s role as raindrop arranger. The 
quantification of canopy’s density describes the level of canopy 
density and be named Canopy Density Index [5]. 
The model of tree’s canopy is form of simplification of the 
system which is based on canopy major factor as controller of 
raindrop speed and at the same time can be used for setting the 
correlation between the entire major factors as a unity [16]. The 
model of canopy density involves easily quantification of three 
until four factors and in accordance with natural condition [5] 
2. MATERIAL AND METHOD 
A. Place and Time of Research 
The kind of research is descriptive quantitative on tree’s 
canopy architecture and raindrop movement on tree, was 
conducted in Bengawan Solo (Central of Java) and Brantas (East 
of Java) watershed from November 2013 until May 2014 based 
on survey method.  
B.          Material of Research 
The choice of tree’s represent broadleaf trees (Teak), narrow 
(Resin and Mahogany) and needle leaved trees (Pine), on 25 
years old tree and have branches of at least 15 units. Ten trees 
are chosen from every population of teak, resin, and mahogany 
and pine purposively 
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C. The Analysis of Data 
Data of height of canopy, number of branches, through fall and 
stem flow will be analyzed by ANOVAs (analyzes of variant), and 
be continued by regression and correlation to identify the level of 
connection between tree’s parameters and raindrop movement 
parameters. Data of number of branches, height and width of 
plant are applied in through fall and stem flow model to get 
canopy density index. 
3. RESULT AND DISCUSSION 
A. The Character of Tree’s Canopy  
There are two categories of tree’s canopy named opened and 
closed system. Opened system means that the branching system 
can be seen clearly from a far (Teak) and contrary to closed 
system (Resin, Mahogany and Pine). Canopy of Teak has wide 
leaves with relatively flat branches and show an umbrella form 
while Resin and Mahogany have relatively narrow to medium 
leaves show globular form of canopy. Pine’s canopy has relatively 
flat until erect branches and increasingly shortened to the end of 
the trunk and show a cone form of canopy. 
The high of canopy of Pine is the highest (13.96 meters) and 
be followed by Teak, Mahogany and Resin in rank below (10.75; 
8.56 and 5.56 meters), and statically significantly different. The 
observation of number of branches shows that Pine has the 
highest number of branches (36 units) and be followed by 
Mahogany, Teak and Resin respectively (20; 16; 9 units) (Figure 
1). Teak’s canopy is higher than Mahogany however has a 
number of branches slightly. 
 
 
 
 
 
 
 
 
Fig. 1.  The Height of canopy and number of branches of Teak, Resin, 
Mahogany and Pine. Numbers followed by the same letter are not 
significantly different on P ≤ 5%)  
 
B. Canopy Density Index (CDI)  
The estimation of CDI comes from analyzes of number of 
branches, the high and the wide of canopy [5,17]. The lowest CDI 
is found on Teak and the highest is Pine (Figure 2). The 
branching system of Pine’s canopy is quite tightly and not easy to 
be seen. It is quite reasonable because of needle leaves almost 
covering the entire surface of trunk and branches. Beside the 
form of leaf, there is important component of canopy which 
determines the level of CDI namely type of leaves. The canopy of 
Mahogany is formed by branching with compound leaves system 
and so it seemed dense enough. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The estimation of canopy density index of Teak, Resin, Mahogany 
and Pine 
C. The Height of Canopy and Raindrop Movement 
The relation between the height of canopy and parameter of 
raindrop movement on Teak and Pine show a fairly closed 
relationship and have proved by R2 (coefficient of determination) 
as big as 0.60-0.69 (Figure 3). It is not the same with Resin and 
Mahogany because of their height of canopy are lower than Teak 
and Pine and planted on a closely tree spacing condition. It 
causes an acquisition data of through fall and stem flow not 
accurate. Anyway the pattern of raindrop movement from all of 
tree shows realistic condition. The high of canopy describes 
growth of canopy through branching system development. The 
higher of canopy the higher of canopies ability to arrange a 
raindrop movement, and finally can reduce the speed of raindrop 
movement to soil surface. Indirectly this kind of canopy condition 
will support soil structure protection [18]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Relation between height of canopy and raindrop movement 
parameter of Teak (A), Resin (B), Mahogany (C) and Pine (D). Tf=through 
fall, Sf=stem flow, RI= raindrops interception) 
The increasing of height of canopy always is followed by the 
reduction of through fall, increasing of stem flow and raindrop 
 103
ISBN 979-587-621-1 
Tf= 0,416x-3,59
R² = 0,65
RI = 27,07x1,213
R² = 0,63
Sf = 12,70x2,354
R² = 0,74
0,00
0,50
1,00
1,50
2,00
2,50
3,00
3,50
0,00
2,00
4,00
6,00
8,00
10,00
12,00
14,00
16,00
18,00
0,00 0,50 1,00
St
em
flo
w
 (S
f, 
m
m
)
Th
ro
ug
hf
al
l a
nd
 R
ai
nd
ro
p
In
te
rc
ep
tio
n 
(T
f, 
RI
, m
m
)
Canopy Density Index
Mahogany
Tf RI Sf C
Tf  = 6,288x-0,82
R² = 0,40
RI = 5,356x0,840
R² = 0,40
Sf = 0,148x3,618
R² = 0,50
0
0,05
0,1
0,15
0,2
0,25
0,3
0,35
0,00
2,00
4,00
6,00
8,00
10,00
12,00
0,00 1,00 2,00
St
em
 fl
ow
 (S
f, 
m
m
)
Th
ro
ug
hf
al
l a
nd
 R
ai
nd
ro
p
In
te
rc
ep
ti
on
 (
Tf
, R
I, 
m
m
)
Canopy Density Index
Pine
Tf RI Sf
D
0
20
40
60
80
Teak Resin Mahogany Pine
C
A B A
c b c a
E J
D
G
Fr
ac
ti
on
 o
f 
R
ai
nd
ro
p 
m
ov
em
en
t 
pa
ra
m
et
er
 (
%
) F Tf FSf F RI
interception. The pattern of Teak’s through fall is more flat than 
another tree and it seem realistic because Teak’s canopy has 
branches which less than Resin, Mahogany and Pine and causes 
the movement of raindrop becomes slowly. The spacing between 
branches on Teak and type of leaves (broadleaf) cause raindrop 
concentrated before falling to soil surface. 
Research of Canopy proves the role of branching system 
that determines many patterns of raindrop. Raindrop movement 
of Teak, Resin and Mahogany are determined by canopy density, 
the denser a canopy will be able to arrange speed and energy of 
raindrop. Generally the globular shape of canopy describes the 
quantity of raindrop movement parameter which based on canopy 
volume, the shape of canopy and the typical of leaves and it 
shows on coefficient of determination (R2 0.63-0.93) [19]. It is not 
applicable for Pine that has cone shape of canopy so that just not 
canopy condition determine raindrop movement parameter (R2 
0.40-0.50) (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Relationship between canopy density index of Teak (A), Resin (B), 
Mahogany (C) and Pine (D) with raindrop movement parameter. 
Tf=through fall, Sf=stem flow, RI= raindrops interception) 
CDI is a potential model for describing the pattern of 
raindrop movement parameter. Declining of Teak’s through fall 
pattern relatively slower than another tree although canopy 
becomes increasingly congested. It can be explained that Teak 
has much fraction on canopy and the position of leaves (flat type) 
makes slowed movement of raindrop. Resin, Mahogany and Pine 
have the different declining pattern of raindrop which faster than 
Teak. The canopies of those trees have much branches and 
narrow type of leaves that influence the level of raindrop 
interception (Figure 4). 
The fractions of raindrop movement parameter depend on 
canopy characteristic and will produce the certain quantities. 
Teak, Resin, Mahogany and Pine produce the same level of 
through fall as big as 60-70% from the average of rainfall as big 
as 263.62±31, 206.21±16, and 336.9±35 mm.bulan-1 respectively 
(Teak and Mahogany have the same amount of rainfall). 
Especially canopy of Pine produce the biggest fraction of raindrop 
interception (29%) which is bigger than another tree (Figure 5). 
 
 
 
 
 
 
 
 
Fig. 5. Through fall, stem flow and raindrops interception fractions of 
Teak, Resin, Mahogany and Pine 
The number of branches is a part of canopy that become the right 
component to describe CDI [20,3] and can be approached by the 
height of canopy. Enhancement of height of canopy means 
enhancement of number of branches and can be confirmed as 
CDI determination. The growth of apical and lateral meristem 
tissue shows the development of trunk and canopy will grow 
bigger and bigger. It is possible because the growth of canopy is 
done by growth of apical and lateral meristem tissue in the same 
time [21,14,22].  The important finding on this research is that 
number of branches determine the height and width of canopy 
and will affect canopy density. The consequences will influence 
behavior of raindrop on tree’s canopy, and finally go down 
smoothly in soil surfaces. So that number of branches, the height 
and width of canopy become main parameter to make canopy as 
an arranger of raindrop.   
4. CONCLUSION 
The conclusions are: 
a. Criteria of Canopy Density Index can be approached by the 
height of canopy  
b. The quantity of raindrop movement parameter depends on the 
height of canopy  
c. Canopy density model is determined by number of branches, 
height and width of canopy and bring about a realistic Index of 
canopy density   
d. Pine is the canopy densest and bring a raindrop interception 
about 30% of rainfall. It means that Pine’s canopy available to 
manage the speed of through fall better than Teak, Resin and 
Mahogany 
e. The capability of canopy to arrange raindrop movement 
depends on canopy density which is determined by number of 
branches, height and width of canopy  
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Abstract: Space as a place on which the culture is built requires a redefinition, in line with the advancement of the philosophy and 
the significance of culture as a system of symbols. Space is no longer regarded as an empty space. An existing space should be 
understood as a value building, and become a part of the improvement of collective living. As the heritage of Majapahit Kingdom, a 
great empire  which becomes an important historical record of Indonesia's founding, Trowulan is conceived as an integration of the 
symbol of material objects (artifacts) and social interactions. There is a belief that the center area of Majapahit site, Trowulan 
possesses the richness of empiric-sensual spatial phenomenon as well as the phenomenon of the subject’s cultural activity 
expressed as religious, economic, and social activity, which imply the existence of abstract-transcendental phenomenon. The 
abstract-transcendental phenomenon is an interesting topic to be investigated to find the essential meaning of space. 
By using the phenomenological research paradigm, the substantial concept concerning the space of nobility building is formulated 
from the interpretation of the spatial phenomena. The Space of Nobility Building is understood as a place in which the effort of nobility 
enhancement is processed. Space is fundamentally built through the activities based upon the religious beliefs, beliefs and life 
orientation of Trowulan’s spatial subjects.  
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1. INTRODUCTION 
The paper responds to the recent majority spatial perspective 
which excessively posit a space as an empty space. The Space 
of Nobility Building is a place in which an effort of the honor and 
nobility enhancement is processed. Space is fundamentally built 
through the activities based upon the religious beliefs, beliefs, 
and life orientation of Trowulan’s spatial subjects. Accordingly, 
the existing space has to be understood as a value building.  
The paper is in the basis of the researh which revealed that a 
“religious belief” is a belief that based on religious teachings 
embraced by the follower, specifically Islam, Hinduism, and 
Buddhism. While, a “belief” is a belief in a particular truth that is 
not originated from a particular religion. This research found that 
the beliefs consist of a “mythological belief”, a “cosmological 
belief”, and a “historical belief”. A “mythological belief” is a belief 
based on myths or the puppet sacred tales, that are believed by 
the particular communities. A “cosmological belief” is a belief that 
the world is under the influence of magical power originated from 
objects in the universe, specifically sun and moon’s light and 
movement, Segara (sea), mountain, trees, water and cardinal 
direction. In this belief, those universe’s elements are believed as 
a medium for the subjects to do the ritual with the ancestor spirits 
or gods, and a place where the gods or the deified ancestors 
spirit resided. A “historical belief” is a belief based on a historical 
event that is understood by a particular’s subject group. A 
“historical belief” is tended subjective when it is originated from a 
verbal tradition is subjective in nature, and objective when it is 
originated from archaeological evidence and academic research. 
A “life orientation” is a tendency of viewpoint as well as human 
will, which determine the direction of human life. 
Although considerable research has been devoted to Majapahit 
Kingdom’s matter, rather less attention has been paid to the 
matter of Majapahit Kingdom’s spatial meaning. The research 
focuses on revealing the spatial meaningfulness of Trowulan as 
a heritage of Majapahit Kingdom. By using the Husserlian’s 
phenomenological paradigm, the result of research proves that 
the beliefs and the life orientation manifest on the perspective of 
the spatial subject in the consciousness of “dunia”, supernatural 
social interaction, and “laku” as the effort to enhance the noble. 
The finding thus disregards to the claim of an empty space. 
2. THE HIERARCHICAL STRUCTURE OF  “DUNIA” AND 
SUPERNATURAL SOCIAL GROUP 
The perspective of spatial subjects towards “dunia” and 
supernatural social interaction is radically based on the beliefs 
and the human life orientation. “Space or world”, which is 
referred by the spatial subject as “dunia”, is believed by a 
particular community consists of supernatural space (“dunia 
gaib”) and concrete space that become a part of human world 
experience (empirical space). As a consequence, “dunia” is 
categorized into “dunia tak terbatas” which refers to the meaning 
of the unreachable-unlimited supernatural world or the invisible 
space, and “dunia terbatas” which is understood as the limited 
empirical world or the visible space. The consciousness of 
“world” categorization is related to this kind of the social 
interactions, specifically the supernatural social group (see 
Figure1). 
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The local people believes that “the social group” are divided 
into a supernatural social group and a human social group. 
The supernatural social group is well known, specifically as  
“Gusti” (God), “leluhur” or the deceased ancestors that consist 
of kings, “resi” as a spiritual figure, warriors, the mythological 
figures in a puppetry,  other supernatural beings, and the 
deceased parents. Besides the supernatural social group, 
there is the human social group as a group of people that 
united by the ideological similarity (beliefs and life orientation).  
Though the entire of this group is naturally supernatural, 
“Gusti” or God can not be equated with other creatures, even 
with the “mahluk gaib” that is known in the local terminology. A 
particular community believe that “Gusti” exists on the top-
primary position of the supernatural social structure. It proves 
the existence of the hierarchical structure of both “dunia” and 
social group (see Figure 2). 
 
Figure 1. The consciousness of “dunia” or world (Rukmi, 2015). 
 
Figure 2. Hierarchical structure of social group (Rukmi, 2015). 
In relation to those viewpoints, this paper argues the 
existence of the space categorization which is on the basis of 
the social group structure. There are three categories of 
“dunia” or “space”. First, “dunia atas” or the unreachable-
unlimited supernatural world. The subjects of space believe 
that the meaning of space refers to the divine space meaning. 
The divine space is believed as an unreachable world on the 
argumentation of the belief on distance range of space and the 
belief on the spiritual quality of the spatial subject. “Dunia atas” 
as the ultimate destination of spiritual movement, is drawn into 
the ideal concept devoid of being part of the empirical world. 
Therefore, the unreachable-unlimited supernatural world is 
disregarded from the existence of a real-sensuous dimensions 
of spatial element. 
Moreover, the second category is “dunia antara” or in-
between world, that is known as the limited supernatural world. 
This world is believed as the place on which “leluhur” or the 
deceased ancestors inhabit in. In the belief of human 
existence in the “dunia bawah” or the empirical-limited world, 
several communities believe that they can not attain “Gusti” in 
the “dunia atas” or in the unreachable-unlimited supernatural 
world. As a consequence, the people need “leluhur” that is in 
proximity to "Gusti" for fulfilling the needs of existential 
interaction between a human with The Almighty. 
Finally, “dunia bawah” or “empirical world” that is consisted 
of the supernatural empirical world, specifically the departed 
spirit world of the particular social group which has an 
empirical-historical relation to the existing, that is divided into 
the in-between world (the limited supernatural world) and the 
limited empirical world. The local people mentions the limited 
empirical world as “dunia bawah” and believe it as an inhabited 
place. A human exists on the lowest stratum of social structure 
and is certainly uncategorized on the supernatural social 
group. 
From those facts, it is inferred that “space” or “dunia” is 
identified through a structuring process that is found in the 
embodiment of hierarchical structure definition in line with the 
social group’s position and function that occupied that 
particular space  (see Figure3).  
 
Figure 3. Hierarchy of space based on the social group’s 
position (Rukmi, 2015). 
3. THE DIRECTION OF SOCIAL INTERACTION AND 
“DUNIA” IN  THE EFFORT TO BUILD A NOBILITY  
According to the concept of hierarchical structure of space 
and social group, it is clearly understood the direction of the 
human effort to build the noble.  Reference [1] states a term of 
"sacred object", that mentions to the Nobility’s Origin or Source 
believed by the religious community, the subject of spiritual 
activity. The sacred object is the direction of the human effort 
to build the noble.  
In the beliefs of that, there are three categories of  nobility. 
First, the absolute-unlimited nobility. It is explained in the terms 
of the hyper space-time nobility, that is possessed by “Gusti”.  
Second, nobility in the beyond particular space-time. “Leluhur” 
possesses this limited nobility, that is recognized and 
reminisced by the succeeding generation. Third, the limited 
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nobility that is possessed by a human, specifically the nobility 
in the spiritual and mundane matter.  
 It can be argued that the nobility building is an effort to 
unite the subject of space with The Nobility’s Origin through 
“laku” as a believed process of nobility enhancement.   
4. “LAKU” AS THE PROCESS OF SPACE PRODUCTION 
The local people mentions “laku” as a process of nobility 
building, which affects to the process of space production. 
Reference [2] states the similar term as “laku” that describes 
fundamentally not only the production of physical space but 
also the social space. Fundamentally, “laku” reflects a 
communication of human as the spatial subjects with the social 
group outside themselves that manifested the exceedance 
movement of space and time. Thus, the reality of  human 
communication is occurred by the relation of intra supernatural 
social groups and that kind of inter supernatural social groups. 
There are three patterns of social relation. 
First, the social relation is formed in the beliefs of the 
hierarchical social stratum between “Gusti” or “God” and 
“leluhur” or the deceased ancestors. It implicates the emerged 
belief that the deceased ancestor is the medium of human and 
God amalgamation. Second, the social relation is formed by 
the spatial subject’s  point of view on the deceased’s 
manifestation of God. The deceased is the ultimate orientation 
of human existential communication. Thus, “leluhur” can be 
defined in terms of “the deified ancestor”. Third, this social 
relation pattern is based on the belief that the human body and 
spirit are the representation of “Gusti” or God. Hence, the 
interaction between a human and the deceased is not on the 
basis of a worship background, however tends to the honor 
background.  
The exceedance movement of space and time occurred by 
the movement of the spatial subjects towards and presents the 
supernatural social group into the empirical-spiritual 
experience.  It reflects fundamentally the movement of 
subjects interaction with “dunia”. As a consequence, the 
exceedance movements embody the space in two ways, 
specifically a restructuring and a spatial reformation. The 
restructuring was a change and a realignment of a hierarchical 
structure of a space. The spatial reformation was realignment 
of empiric space through a placement of spatial elements from 
previously known conception in line with its role on “laku” of 
building nobility.  
There are some patterns of spatial production.  First, the 
pattern is influenced by the movement of spatial relation from 
the empirical world to the unlimited-supernatural world through 
the limited-supernatural world. It based on the belief on the 
existence of absolute hierarchy difference as well as the belief 
on distance range of space. The spatial restructuring is 
indicated by the existence of “the dunia antara” or in-between 
world (that is a limited-supernatural world).  “Dunia atas” is 
constantly an ultimate of movement goal, though it is in an 
ideal concept without being the part on the experience of “laku” 
of human being. Thus, the unlimited-supernatural world is not 
related to the existence of any real elements (perceived by 
senses). In-between world or limited-supernatural world that 
refers to the departed spirit — due to its affordability and 
involvement in the human experience — is linked to spatial 
elements that express a sacredness namely cemetery and 
temple. Therefore, the hierarchy change is occurred on the 
placement of artificial element, from the previous place in the 
“dunia bawah” and tends to be empiric into the part of the in-
between world and tends to be supernatural.  
Furthermore, the second pattern is built in the belief of 
unlimited distance toward “dunia atas” and the limitation of 
human ability to reach it. In that perspective, in-between world 
that referred to a departed spirit world became the 
representation of “dunia atas” or divine world. Therefore, the 
limited-supernatural world was not merely a in-between world 
but become a purpose of social and spatial relation. In this 
perspective, it implicates a hierarchy conceptual change of 
“dunia atas” or unlimited-supernatural world, which is 
previously only as an ideal concept into a part of the human 
experience.  Thus, when the world manifests itself into a 
human experience, this world can be linked with the universal 
elements as well as the artificial elements that express its 
nature; whether the universe elements or the artificial ones. 
The previous position of universal and artificial elements in 
“dunia bawah” and tends conceptually to be empiric change to 
be the part of in-between world that tends to be supernatural. 
The universal and artificial element are the manifest of 
sacredness that are originated from “dunia atas” or divine 
world.  
Spatial reformation embodies concurently in the setting of 
the archaeological artifact/temple, cemetry, and universal 
element as a sacred object. The center of space and  the 
setting of worship artificial element is defined in the 
cosmological and mythological beliefs of spatial subject in 
universal elements, specifically the moon, the sun, “segara” or 
the sea, the water, and the cardinal direction. 
Finally, the third pattern is described by the relation between 
empirical world and unlimited-supernatural world. This pattern 
based on the belief that a) human being that wherein “dunia 
bawah” as the representation of macro-cosmos in a natural 
way is a sole unity with the sacred “dunia atas” or “divine 
world”. It implicates the human body and spirit that are the 
representation of unlimited-supernatural world. Thus, human 
as the empiric world and unlimited-supernatural world are an 
equal world, b) An inevitable change of human quality makes it 
be at a distance 
of “divine world”. Thus, it requires effort to reach the unity 
with the “dunia atas”. In this pattern, “the unlimited-
supernatural world” that is manifested on “limited-supernatural 
world” exist and fused into the limited-empirical world, 
specifically human being. Therefore, the existence of 
“unlimited-supernatural world” in the individual’s experience 
made the human conceptually to be in the supernatural world. 
In spite of the spatial reformation that defines a human as a 
center as well as an object of sacred space, the setting of 
worship artificial elements is arranged in both the cosmological 
and the mythological beliefs of universal elements, specifically 
the moon, the sun, the sea, the water, and the cardinal 
direction. In that solely space and time, the human being 
perceives the sensuous spirituality. 
5. CONCLUSION 
Based on the depth research, this paper proves explicitly 
the existing space is the meaningful space. The meaning of 
space is built in the basis of religious beliefs, cosmological 
belief, mythological belief, historical belief, and life orientation 
of Trowulan’s spatial subjects. It can be argued that the beliefs 
and the life orientation manifest on the perspective of the 
spatial subject in the consciousness of “dunia”, supernatural 
social interaction, and “laku” as the attempt to enhance the 
noble. 
“A space” that is referred by the spatial subjects as “dunia” 
or “world” is an existential space specifically an occupied 
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space or place where the spatial subjects can orient, identify 
and build themselves beyond the world. “Space” or “dunia” is 
identified through a structuring process that are found in the 
form of definition of hierarchical structure in line with the social 
group’s position and function that occupied that particular 
space. The structure is identified in the basis of belief on the 
Nobility’s Origin or Source. 
Three categories of “space” or “dunia”, which is extended 
from the two earlier believed categories, specifically 1) 
unreachable-unlimited supernatural world, 2) “limited 
supernatural world”  and 3) “empirical world” regards to the 
social group.  The social groups are divided into a supernatural 
social group and a human social group. A belief on the 
existence of “Gusti” on the top-primary position of the social 
structure, proves the existence of the hierarchical structure of 
both “dunia” and social group. The consciousness of “world” 
categorization is related to this kind of the social interactions, 
especially the supernatural social group. 
“Laku” as the way to enhance nobility, can be defined in the 
term of “the way of being”. It reflects the spatial movement, 
which is fundamentally a movement of human communication 
as the spatial subjects with the social group outside 
themselves. It  manifests the exceedance movement of space 
and time, that is the movement towards and presented the 
supernatural social group into the empirical-spiritual 
experience.  
Principally, this paper proves that there are three spatial 
changes based on the movement of social interaction, which 
consist of a spatial hierarchy restructuring and a spatial 
reformation. The spatial hierarchy change is a conceptual 
change of spatial hierarchy from the earlier known concept. 
While the formation of spatial arrangement or setting occurred 
in the empirical world and found in the form of spatial 
element’s placement in line with its role on “laku” of building 
nobility.  
It can be argued that the belief in God as the origin of 
nobility is inherent in the meaning of space. It is the principle in 
the subject’s point of view on “dunia”, “laku”, and the primordial 
need of human being to interact with the believed social group. 
The point of view affects the reality of spatial utilization.  
Furthermore, the emotional and spiritual engagement 
between the spatial subject and space remind us to the 
circumspection attempt of spatial planning and design. Hence, 
this paper recommends significantly a spatial utilization 
restraint for the practice of spatial planning and design. In this 
case, it is crucial to provide a regulatory control for the purpose 
of three spatial utilizations, namely economic, social, and 
spiritual, are negated.    
For achieving that aim, it is important to probe the 
majapahit’s artifact symbols intertwined in the contemporary 
culture as a substrate of the old Majapahit. Thereby, the 
inventory will be potentially data input for formulating a smart-
contextual local concept of spatial conservation. Thus, it does 
solely not applicate the common regulation of conservation 
concept. 
For the practitioners and policy makers, this result of 
research suggests that the inductive planning approach 
enables to applicated as an approach to  spatial planning and 
design. Besides accommodated local concept, this subjective 
approach will reduce the gap between theoretical and practice 
of spatial planning. 
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Application of Embodied Energy Calculation for Low Cost Housing in 
Indonesia 
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Abstract: Embodied Energy (EE) material is an issue in green building which refers to energy released in building- lifecycle of a 
material usage. It shows the potential impact of energy consumption for construction cost and the impact to environment. EE also is an 
indicator for Carbon Emission (CE) that describes how is the environmental damage caused by building construction. Therefore, EE 
value becomes very important in measuring how much energy will be consumed and how environment can be damaged, since the 
planning phase of the building. In order to determine EE value of a building, we need to calculate the EE value of each material usage 
according to the volume used. This paper will provide explanation of applications in calculating the value of EE for low-cost housing. 
The EE calculation has developed based on Work Unit Price Analysis (WUPA) of Indonesian National Standard (INS). In the 
calculation process, the information of material usage will be collected based on material needs in WUPA, so called Material Unit 
Analysis (MUA). Data from MUA will be multiplied to the volume of work in the Bill of Quantity (BoQ), so that the material requirements 
for each work can be recognized. The results of these calculations are then converted into EE value which refers to the EE unit value of 
the EE inventory data. This paper will focus on EE value for low cost housing, since the need of housing for the community is in very 
large amount nowadays. In promoting EE, it is required simple calculation system which is user friendly. Hopefully, with the ease of the 
calculation system, the designers are willing to do the calculation of EE, and using it as an environmental consideration in the design 
decisions. Therefore, an easy EE calculation is developed by using application model. The model is described with flowchart in 
changing mathematics model to operation system, using input-process-output system. The main problem in this calculation system is 
material conversion to energy in obtain a more comprehensive EE inventory data.  
Keywords: Embodied Energy ; Building Material; Low Cost Housing; User Friendly Calculation; EE Inventory Data 
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1. INTRODUCTION 
A. Embodied Energy 
 Energy as global issues tend to reduce the high energy 
consumption and look for renewable energy sources. The energy 
were used in building and construction need the green energy as 
environment friendly [4]. The high energy consumption to 
environment damage have linier correlation. Global energy 
consumption have a large for building (40%), building materials 
procurement industrial (20%), the last is divided into 
transportation, industries  and  others [14]. 
 Energy is important thing in development and its activities. It 
were counted in every phase or total of lifecycle building. Energy 
value as indicator in green building assesment. The energy 
consumption for lifecycle building could be calculated for all 
phase or each phase of total lifecycle building [10].  
 The energy that accompany its activities in each or total 
phase of lifecycle building is called Embodied Energy (EE). EE in 
buildings represents the non-renewable energy consumed in the 
acquisition of raw materials, their processing, manufacturing, 
transportation to site, and construction. EE has direct energy that  
used to transport building products to the site, and then to 
construct the building; and indirect energy that used to acquire, 
process, and manufacture the building materials, including any 
transportation related to these activities [13].  
 EE in planning phase that cover all activities for materials 
building procurement in pre-construction phase (craddle to the 
gate) [10]. EE value as a base indicator for Emission Carbon 
(EC) value calculation and it become an environment damage 
indicator. EE value will control material energy consumed for a 
building or construction. EE value could be controlled as a 
mitigation strategy for energy efficient and early environment 
damage decreasing [9]. 
B. Energy Mitigation 
 Development activities were consumed  a large of energy and 
contribute EC increasing. It mean would effect to environment 
temperature increasing which is called greenhouse effect. Most 
country in the world start to use Clean Develoment Mechanism 
(CDM) implementation as global agreement to reduce EC and 
make the world greener [4][9]. Energy policy for building concern 
to manage the energy efficient, are ; 1) Energy efficient of 
Building Planning, 2) Integration of City Planning. Both of all were 
support the implementation as energy efficient building standard 
and environment friendly [9].  
 An energy mitigation of building could use technology aspect 
as an approach to implement energy mitigation through EE 
material calculation of building. The previous research showed 
that EE material value calculation has developed as a tool to 
count the EE material value of the object. It promote for 
stakeholder to involve as their role and responsibility to early 
energy mitigation. [11].  
 EE calculation application based on computerized technology 
could make the EE materials calculation model used by the user 
easily. It will be encourage designers to calculate EE material 
value for their building planning. It is a mitigation efforts for use 
no harm materials for environment in the future. 
 In this paper, EE material calculation used as an indicator to 
mitigate material building for low cost housing in Indonesia. EE 
calculation showed result of total EE material building value and 
it could use to make strategies for material building energy 
decreasing.    
C. EE Materials Value Analysis and  Development 
 EE material value was resulted through EE material 
calculation process. EE material calculation refer to INS of the 
construction work calculation.  The components of construction 
work, are ; (1) materials, (2) equipments, (3) labours [9]. The 
material is known as steady component but others as dinamic 
component in construction work [16]. Material measurement of 
building would not figure out of all building energy consumption, 
but it would represent for most part of a large the building energy 
consumption [17]. 
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 EE material model calculation was described in frame of 
working. Every step explain the diagram that could read and 
understood easily.  As an illustration, the previous material EE 
calculation model is developed by the Work Unit Price Analysis 
(WUPA) which is issued by INS. WUPA has components are ; (1) 
coefficient, (2) unit, (3) work specification, and (4) work 
volume[9].  
 Bill of Quantity (BoQ) is a process to breakdown of 
construction work for low cost housing as the object in this EE 
material calculation model. It will reveal as four components of 
construction work or WUPA and it start each component analysis 
for low cost housing.  
 The components of WUPA selected by process which called 
Material Unit Analysis (MUA). MUA select work specification and 
retrieve the materials specification as steady component, but 
labours and equipments are ignored. Materials specification as 
one component of MUA only. MUA use all component of 
construction work as material building term [15]. The components 
of Material Unit Analysis (MUA), are ; (1) coefficient, (2) unit, (3) 
material specification, and (4) material volume[9] [15].  
All process describes as seen in Figure 1 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Material Unit Analysis Selected Process 
MUA become a method to calculate EE material value. It could 
be used for count singular material or total material of the low 
cost housing. It is used in EE material calculation development 
too.  MUA in EE material calculation as firstly step to 
breakdown material specification of low cost housing. EE 
material calculation model will process each material building for 
material volume. There was various material unit and it need to 
convert into energy unit easily.  
 It desribe as seen in Table 1 below. 
Table 1. MUA resulting for various unit in wall component work per m2 
Coefficient Unit Material Specification 
Material 
Volume  
70 unit Brick Suitable for 
each building  
unit  
18,95 Kg Portland Cement 
0.038 m3 Sand 
 
If MUA calculation has its result, EE material value of the object 
will need to complete all calculation by EE material value unit (EE 
= MJ/Kg). EE material calculation by MUA method need the 
Inventory of EE Material Data to complete EE material value of 
low cost housing. It refer to credible sources is like Inventory of 
Carbon and Energy (ICE) which is issued by Bath University, 
United Kingdom [3]. The ICE that used by many institution all 
over the world. In this paper, ICE is referred to complete the EE 
Material Inventory Data for low cost housing [15].  
D.  Energy Unit Conversion  
 In the previous research, there were found 48 material 
specification used in low cos housing. All of material building 
referred to EE Material Inventory Data and found that about 7 
material has not EE material value yet (ICE, Bath, 2011). In spite, 
there were some various unit have to change to same unit. All of 
EE material value which is have mass unit or energy unit do not 
have to change but the other have to change it.  
 MUA have concern to material unit/component building 
because it has various unit for each material specification in the 
object. Material unit have to convert to energy unit for calculation 
easily. The conversion process of material unit through all 
material unit converting process and result in kilogram (kg). It will 
ease EE material calculation in energy unit (EE = MJ/kg).   
 The ilustration of conversion process to energy unit (MJ/Kg), 
e.g. MUA result showed the data volume wood material of the 
object in m3. The wood material unit would convert into kilogram 
(kg). The basic formula of volume (m3) = mass (kg) / specification 
mass of wood (kg/m3). The formula of mass (kg)  = volume (m3) * 
specification mass of wood (kg/m3). So, mass of wood in the 
object will result in kilogram base on number of material volume. 
The result of the mass of wood material = xx kg. Kg have equal 
with Newton.meter (N.m). N.m should divide by per 10 kg to 
equal with 1 Joule. Then, Joule could be convert to MJ/kg with 
divided by 1000. It is called Singular Material Calculation Method 
[2]. 
List of Symbols  
 
M 
J 
Kg 
m3 
N 
m 
Mass of materials 
Unit of energy 
Unit of mass 
Unit of volume 
Unit of force 
Unit of lenght 
 
2. EMBODIED ENERGY CALCULATION AND APPLICATION
A. Programming of Application 
 The EE material calculation would do by computerized 
application. Its processing requires a programming as computer 
language applications. Programming is known into two types of 
programming that are commonly used. First, programming is 
called as flowchart that is used for simple computer language 
applications. The outline sequence for the work as input-process-
output as diagram form. It describe all process step by step of 
computer operation system. Second, the programming is called 
algorithms which is used for a more difficult process in computer 
application. The algorithms were suitable for computer operating 
system which is complicated or complex system [18].  
 This application development use a simple programming as a 
flowchart for EE material calculation base on computer 
application. 
Flowchart of  EE material Calculation  
 Flowchart as programming showed the first concern for data 
storage of EE material value as important thing in process. 
Second, all of material unit conversion to energy unit is done. In 
this case, the EE material calculation model ready to process in 
programming system by flowchart. The process refer to every 
step and then stored in data storage.  
 The flowchart illustrated how the model development an 
operating system in the application of EE material calculation. 
The calculation applied a mathematical model to clarify the 
operating system was built. Then use operating system as input-
process-output. Flowchart describe the EE material value result 
and will divide into three option, are ; 1) result of specification 
Coefficient ; 
Unit/Unit ; Work 
Specification; 
Work Volume 
WUPA MUA 
Materials 
Labour/Man
power 
Equipments 
Coefficient ; 
Unit/Unit ; 
Material 
Specification; 
Material 
Volume 
BoQ 
Selected Process 
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material, 2) result of component building, 3) result of total 
building. The options could be choiced if it necessary.   
 The application will need numeric input one by one manually, 
then computer application will do calculation process once, and 
finally will show the result in three option which needed by user.  
 As shown in figure 3. 
Start
Work Unit Price
Analysis
Material Unit
Analysis and
Specification
Material
Specification
Data which has
converted into
EE unit
EE Material
Inventory Data
from ICE
EE Material Inventory
Process for Low Cost
Housing (1st)
EE Material Inventory
Process for Low Cost
Housing (2nd)
EE Material Unit
which has not in
ICE yet
Coutned by
Manually
has not yet in
ICE
has yet in ICE
End
 
Fig. 2. EE Material Model Calculation 
 
Start
Material Unit
Analysis
EE Material
Inventory Data
of Low Cost
Housing
EE Material Value
Calculation by Material
Unit Anaysis (MUA)
for Low Cost Housing
MUA Result base on
EE value of Material
Specification
End
1. Coeffiecient
2. Material Unit
3. Material Volume
MUA Result base on
EE value of Total
Building
MUA Result base on EE
value of Component
Building
 
 
Fig. 3. Flowchart of EE Material Calculation Application 
3. DISCUSSION 
A.   Dialogue Design 
 Each sections of flowchart are interconnected and 
constructed sequentially. It started by input data, the calculation 
process and finally output are displayed. All sections must be link 
each other and operating system that will be recognized by 
programming.  
 This dialogue where each part is illustrated clearly and order 
as shown in Figure 4-5. 
 
EE Material
Introduction
Start
Simulation
Software
Contact
New Material
Input
EE Material
Inventory Data Calculator
Material
Conversion Logout
EE Value of
Material
Specification
EE Material
Input of
Object
EE Value of
Component
Building
EE Value of
Total Building Logout
Website Email Logout
Logout
 
 
Fig. 4. Chart Dialogue Design 
 
Opening File
Introduction File
Loading Sound and
Home File
Display Together
Choiced Menu File
Software File
Simulation File
Contact File
Result
EE value of Material Specification
EE value of Component Building
EE value of Total Building
 
 
Fig. 5. Chart Design Management Views 
B.  Layout Design View by Applications 
 EE material calculation application view is made simple for 
the features as well as summaries that are considered important. 
In the layout of the  layout design view as shown in Figure 6. 
 
MAIN TITTLE
MENU
LOGOUT
INSTITUTION
LOGO
1. OPENING FILE
SUB TITTLE MENU
LOGOUT
PICTURES AND INTRODUCTION
2. INTRODUCTION FILE
SUB TITTLE MENU
LOGOUT
3. SOFTWARE FILE
SUB TITTLE MENU
LOGOUT
ICON
4. SIMULATION FILE
ICON ICON ICON
ICON
ICON
ICON
ICON
SUB TITTLE MENU
LOGOUT
5. CONTACT FILE
ICON ICON
 
 
Fig. 6. Layout Design View 
 
C.  View Display by Application 
 Views display by application create in five section and 
interconneted by menu button. Firstly, user should know the 
name of website which have EE material calculation application.  
 Section 1 display the opening section and show MAIN 
PROGRAM and its atributes are like logo institution, features 
icon and some figures. Icon consists of Home, Introduction, 
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Basic Calculation, Simulation, and Contact. Home inform what 
features can be seen in the front view of this section. Icons will 
clicked by user to go the the feature or program.  In every page 
will appear home and logout icon. 
 As shown in Figure 7. 
 
 
 
Fig. 7. Opening Section 
 Section 2 display the introduction program section and 
describe about EE material information ; its definition, its 
influence for building, calculation method and many more. It will 
tell user why it become an important concern in green building 
issue  and  how to be active participate to make world greener by 
application usage.  
 As shown in Figure 8. 
 
 
 
Fig. 8. Introduction Section 
  Section 3 display software section as core of application. The 
page have four icon, and each button has each program, are ; 
input data, input new inventory data, calculator, unit conversion. 
User could input data one by one and follow the form in this icon. 
Data will sent and save in data storage, ready for calculating by 
program.  
 User could input data of new material which is not in the list of 
inventory EE material data. User input new data one by one and 
follow the form in this icon. Data will sent and save in data 
storage. Operator will check the new data and process it. User 
could use the new data if it was in inventory EE material in 
application.  
 Next icon is calculator, it is a tool to help user whom need to 
calculate data by manual. The last icon is unit conversion, it help 
user to know conversion standart that used in internasional unit. 
It will help user to undarstand how the calculating process by 
application. 
 As shown in Figure 9. 
 
 
 
Fig. 9. Software Section 
 Section 4 display simulation section. This is a core program in 
application. The page have four icon, and each button has each 
program, are ; Unit EE Material Input data, EE Material 
Specification, EE Material Building Component, Total EE Material 
Building. 
 First icon is Unit EE Material Input data to input material data 
of object which will calculate. It is a simulation of EE material 
calculation with an object. The next icon have fuction to display 
result of EE material calculation for an object. It will shown in 
three result display type, are ; 1) as material specification list and 
each EE material value in volume, 2) as building component and 
its volume, and 3) as total material building value in volume.   
  As shown in Figure 10. 
 
 
Fig. 10. Simulation Section 
 Section 5 display contact page. This is a support page in 
application. The page have two icon, are ; website and email.  
This application could found in www.ar.itb.ac.id/gbrc and have 
electronic mail. User could contact the email if needed or and 
visit the website to find more about Green Building Research 
Centre (GBRC) which launced the EE calculation by 
computerized application.  
  As shown in Figure 11. 
 
 
Gambar 11. Contact Section 
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D. Result of  EE Material Calculation Application  
 The EE calculation application was early development. The 
application should to be tested and checked error system. In 
computerized application is not as easy as planned at the 
beginning. The test found that conversion process for material 
can not did automaticly. Material unit have to convert as singular 
material unit and result some numeric as consequence of 
conversion process. The conversion process must through a 
special process and is not connected with the operating system 
of EE material calculation model. When it connected will face 
many various unit and built as  the simple operating system not. 
 The other obstacle is term that used in the Inventory EE 
material. EE material Inventory data is expected to cover all the 
user requirement. EE material data source refer to the ICE, UK, 
in spite, the terms of the materials used are different in Indonesia 
terms. It must make adjustments to the terms commonly used in 
INS, to allow user find the necessary data. Completeness of data 
can be performed manually by the operator only. When there is 
new material input, new EE material value should be a special 
process that is not connected with the operating system of EE 
material calculations application. 
 The main problem in this calculation system is material 
conversion to energy unit in obtain a more comprehensive EE 
inventory data. Every kind of object for EE material calculation 
need specific EE material inventory data. In this application 
should have complete EE material value more to cover all 
building type that needed to EE material value calculation. 
 In the next development, the obstacles of operating system 
application of EE material calculation shoud be repair. The input-
process-output should make operator and user could do 
application easily.  Furthermore, this application shoud develop 
as an integrated application with other requirement, e.g costing 
calculation. There is many possibility to develop this application 
to respon user's requirement dinamics.  
CONCLUSION 
 This paper presents the EE material calculation method base 
on computer application. The application have been used simple 
flowchart as programming and refered to EE material inventory 
data collecting. The programming translate EE calculation model 
and method in computerized system processing by numeric 
operating as input and output. The final result divided into 3 
choices of EE material value revealing, are ; 11) as material 
specification list and each EE material value in volume, 2) as 
building component and its volume, and3) as total material 
building value in volume.   
 Next, this computer application was developed by web-based 
or online. The aim of computer application develoment is to ease 
EE material calculation by user. Hopefully, user encouraged to 
contribute EE material decreasing in their project.  This 
application shoud develop as an integrated application with other 
requirement, e.g costing calculation. Furthermore, It have to 
develop EE material calculation in different computerized model. 
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High Equivalent of Theoritical Plate 
from Reactive Distillation Unit by Purification of Ethanol on Different 
Concentration 
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Abstract: Distillation used in large number of industry in the world as purification unit. Distillation unit has two kind of separation 
column, plate and packing. Distillation unit in this research use packing as separation coloumn and type of packing is glass raschig 
ring. Dimension of distillation unit are; 1.20 m on height, 45 mm on diameter, 2 mm on wall thikness. dimensions of one glass raschig 
rings are; 0.5 mm of out diameter, 8.5 mm on lenght, 0.85 mm on wall thickness and 19.5 cm on high of packing. High Equivalent of 
Theoritical Plate (HETP) is a methode to calculate how many plate that equivalent to the high of packing. Both fenske underwood and 
mc-cabe thiele methode was used to calculate the HETP. Data from ethanol purification with different input concentration collected to 
calculate the HETP. Different concentration of ethanol; 50%, 55%, 60%, 65% and 70% used as input in distillation process. Sample of 
distillat and bottom took in 76 0C and 82 0C. Concentration of distillat and bottom checked by refraktometer. The best HETP from 
fenske methode is 17.69 and Number of minimum plate (Nmin) are; 1,10. It’s means that 17.69 cm is equal to one plate.  
Keywords: : Distillation; HETP; Ethanol Purification 
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1. INTRODUCTION 
Distillation used in large number of industry in the world as 
purification unit. Purification processes that are used in the 
industries are filtration, extraction, cristallization, distillation, etc 
[1]. The separation operation called distillation utilizes vapor and 
liquid phases at essentially the same temperature and pressure 
for the coexisting zones. Various kinds of devices such as 
random or structured packings and plates or trays are used to 
bring the two phases into intimate contact. Trays are stacked one 
above the other and enclosed in a cylindrical shell to form a 
column. Packings are also generally contained in a cylindrical 
shell between hold-down and support plates. The column may be 
operated continuously or in batch mode depending on a number 
of factors such as scale and flexibility of operations and solids 
content of feed [2]. 
Widely application of distillation process combined by another 
process has been used. Experiments in an extractive distillation 
pilot plant were performed with the objective of firstly exploring 
different operating conditions and secondly to compare the mass 
transfer efficiencies produced by [hmim][TCB] and the reference 
organic solvent N-methyl-2-pyrrolidone [3]. Over the last two 
decades, especially after the commissioning of large-scale plants 
for MTBE and methyl acetate production, RD has been seen as a 
promising reactor/separator that can fulfill multiple objectives 
simultaneously.Hydrogenation,hydrodesulfurization,isomerization, 
and oligomerization are some of the unconventional examples to 
which RD has been succesfully applied on a commercial scale. 
RD can also be used for the recovery of valuable products like 
acetic acid, glycols, lactic acid, and so on from waste streams [4]. 
RD also has been used to produce triacetin as bioaditif by 
convertion until 98.51% [5]. 
Distillation column has packing to increase the transfer area 
between gas and liquid. The experiments of the use of glycerol as 
an entrainer, in substitution of ethylene glycol in an extractive 
distillation using distillation column packed with Raschig rings, 
varying the glycerol/feed (ethanol and water) ratio, S/F, from 0.5 
to 0.9 [6]. Another experiment about kind of packing and type of 
packing are SiC ceramic and mellapak structured packings [7], 
PACK-2100 [8].High equivalent of theoritical plate is high of 
packing that equivalent to a theoritical plate. 
were plotted over time to obtain a trend of packing quality over 
10 years [9]. Sun [10] found out the relates height equivalent to a 
theoretical plate (HETP) of a GC column to various flow and 
kineticparameters which cause peak broadening. 
In this study, we calculate the HETP of distillation coloumn 
that used to produce triacetin. 
2. MATERIALS AND METHODS 
A. Materials 
In this study, we used ethanol 95% on concentration as raw 
material. Aquadest was added to varying the concentration of 
ethanol which became 50%, 55%, 60%, 65% and 70%. 
Distillation unit in this research use packing as separation 
coloumn and type of packing is glass raschig ring. Dimension of 
distillation unit are; 1.20 m on height, 45 mm on diameter, 2 mm 
on wall thikness. dimensions of one glass raschig rings are; 0.5 
mm of out diameter, 8.5 mm on lenght, 0.85 mm on wall thickness 
and 19.5 cm on high of packing that shows in fig.1.[11]. 
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 Fig.1. Distillation column 
 
B. Methods 
Distillation column was used to purify the ethanol solution 
which has different input concentration. The process was taken in 
1 hour. And during distillation process, sample of distillate was 
taken from upper side of distillation column that have been 
condensed trough a condenser. The sample of residue or bottom 
result was taken from bottom side of distillation column. After we 
took the distillate and bottom result, we checked the refractive 
index using refractometer. Refractive index from distillate and 
bottom results was converted to get the concentration of the 
sample. Concentration of distillate and bottom results was used to 
calculate the HETP. 
3. RESULTS AND DISCUSSION 
In this study we got the refractive indexs of distillate and 
bottom result which is converted to concentration. From 
concentration of distillate and bottom result we calculate the Nmin 
and HETP value by fenske underwood and McCabe methode. 
The calculation results show in fig.2 and fig.3 below; 
 
Fig.2. Nmin value 
Fig.2. shows Nmin value from different concentration of input. 
This figure shows that increasing in concentration of input will 
increase the Nmin value. Concentration 70% of input gave 
maximum Nmin value that is 1.10 for fenske methode and 1.01 
for mccabe methode. 
 
Fig.3. HETP value  
Fig.3. shows HETP value from different concentration of 
input. This figure shows that increasing in concentration of input 
will decrease the HETP value. For maksimum Nmin value, the 
HETP value for fenske methode is 17.69 and for mccabe 
methode is 19.36. 
4. CONCLUSIONS 
The best HETP from fenske methode is  17.69 and Number of 
minimum plate (Nmin) are; 1,10. It’s means that 17.69 cm is equal 
to one plate. 
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Advanced Nanomaterials for Water and Wastewater Treatment: 
From Strategic Fundamental Research to Industry Adoption  
Ahmad Fauzi Ismail  
Advanced Membrane Technology Research Centre, Universiti Teknologi Malaysia, 81310 Johor, Malaysia 
Faculty of Chemical and Energy Engineering, Universiti Teknologi Malaysia, 81310 Johor, Malaysia 
Abstract: Water and wastewater treatment is known to be one of the most sustainable solutions to provide fresh and safe water for 
many water stressed communities and industrial sectors. Over the last decade, some concrete evidences indicate that the advances in 
advanced materials, particularly nanomaterials, have facilitated the next paradigm shift in the water and wastewater treatment 
processes. As the integration of nanotechnology with these processes is most likely to dominate the future research attention and the 
water treatment market, this presentation timely discusses the state-of-the-art overview on the enabling and cutting edge water and 
wastewater technology integrated with advanced nanomaterials in term of the technological needs and future perspective, which 
include the challenges and opportunities of nano-enabled water treatment processes. The key issues such as scale-up, economic 
competitiveness, potential environmental impacts and energy consumption are discussed. This presentation also aims to provide 
directions and guideline to the research community regarding the future outlook and roadmap of the application of nanotechnology to 
heighten the performance of the existing water and wastewater treatment processes in bench-scale and commercialization level. By 
taking all key aspects into account, the water community should reach a general consensus on a holistic technological strategy to make 
decision about the future direction of nano-enabled water and wastewater treatment scenario. It is crucial to identify the missing pieces 
and create effective linkages among important elements in order to embrace the revenue-based opportunities of this technology at its 
best time. 
Keywords: advanced nanomaterials, water and wastewater treatment  
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Adsorption Kinetics and Equilibrium Studies of Chromium (IV) Metal 
Ions on The Salacca Peel Based Activated Carbons  
Arenst Andreas Arie*, Selvy Utama and Hans Kristianto  
Chemical Engineering Department, Faculty of Industrial Technology, 
Parahyangan Catholic University, Bandung 40141,  Indonesia 
Abstract: In this study, adsorption equilibrium and kinetics of Cr(VI) on a salacca peel based activated carbons were studied to explore 
the feasibility of applying these adsorbents for chromium removal from aquaeous solutions. The activated carbon adsorbents were 
characterized by SEM/EDS and N2-adsorption for their chemical and pore textural properties. The BET surface area of salacca peel 
based activated carbons was found as 2526.4 m2/g and categorized as mesoporous carbons based on the pore size distribution 
results. The effects of pH, adsorbent dosage and initial concentration of Cr(VI) on the adsorption of chromium were then investigated. 
The experimental results were analyzed by Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich adsorption isotherm models. 
Meanwhile,the adsorption kinetic was studied based on the pseudo-first order, pseudo-second order, and intraparticle diffusion 
equations.The adsorption isotherms were correlated with the Langmuir and Freundlich adsorption equations. The Cr(VI) adsorption 
isotherms on the salacca peel based activated carbons followed the Langmuir model. The activated carbon adsorbent showed the 
chromium adsorption capacities of 123.46 mg/g. A pseudo-second-order model and an intraparticle kinetic model fitted well the 
adsorption kinetic data. It was found that both external and intraparticle diffusions contribute to the rate of removal of chromium (VI) 
from the salacca peel based activated carbon adsorbents synthesized in our laboratory. Furthermore,The increase in adsorption 
capacity for Cr(VI) with increase in temperature indicates thatthe uptake was endothermic in nature. The results indicate that the 
salacca peel based activated carbons could be employed as a low cost adsorbent for the removal of both Cr(VI) from the aqueous 
solution including industrial wastewater.. 
Keywords: Adsorption, Chromium(VI), Activated Carbons, Kinetics, Equilibrium 
1
                                                        
e-mail: arenst@unpar.ac.id 
 
 119
ISBN 979-587-621-1
Differences in Characteristic of Fermented Inulin Biomass, 
Concentrate and Particles Powder by Lactobacillus acidophillus  
With and Without Microfiltration  
As Source of Dietary Fiber for Anti Cholesterol 
Aspiyanto*, Agustine Susilowati  and Hakiki Melanie 
Research Center for Chemistry, Indonesian Institute of Sciences, Tangerang Selatan 15315, Indonesia, 
Abstract: Processes of fermentation on inulin fiber by Lactobacillus acidophillus, purifying by microfiltration (MF) membrane and drying, 
which produced biomass, concentrate and concentrate powder, with micro particles size as source of dietary fiber for anticholesterol, 
respectively had been conducted. This experimental activity aims to find out characteristics on biomass of fermentation product, 
concentrate of MF product and concentrate product of fermented inulin by L. acidophillus on the best compositions, physical property, 
particles size and distribution, and Cholesterol Binding Capacity (CBC) without MF membrane process as comparison. Subsequently, 
fermentation of inulin fiber was performed at concentrations of inulin 50 % (w/v), L. acidophillus 15 % (v/v), and skimmed milk 12.5 % 
(w/v) at room temperature for 48 hours, purifying via MF membrane fitted in dead-end stirred microfiltration cell (DESMFC) at stirrer 
rotation speed 400 rpm, room temperature and pressure 40 psia for 90 minutes, and vacuum drying at 30 ºC and 22 cm Hg for 0 and 48 
hours. The result of experiment showed that MF membrane process increased concentrations of total solids 6 %, total acids 6.56 %,  
dissolved protein 2.53 %, and cholesterol binding capacity (CBC) 23.37 %, and decrease TDF 29.32 % and total sugars 38.67 % when 
compared with initial biomass material (feed). Based on the best CBC, drying optimization was achieved by type of concentrate powder with 
CBC 18.82 mg/g, and compositions of total solids 94.6 %, total acids 8.53 %, TDF 63.63 %, and dissolved protein 2.81 mg/mL. In this 
condition, it is produced concentrate powder with diameter (Ø) of particles distribution for < 1μm, < 10 μm, < 100 μm and < 1000 μm, 
namely 0.15 %, 1.66 %, 19.8 % and 100 % (volume). In other words, concentrate powder from result of MF membrane process had 
potential use as cholesterol binder compared to biomass powder without via MF mode.    
Keywords: : fermented inulin fiber; microfiltration (MF); drying; Cholesterol Binding Capacity (CBC); particles distribution 
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1. INTRODUCTION 
Purifying process on suspension of inulin fiber fermented by 
Lactobacillus acidophillus (L. Acidophillus) through microfiltration 
(MF) membrane process is one of the methods to recover 
concentrate as source of dietary fiber (DF) in order to bind 
cholestrol. This suspension is  biomass produced from 
fermentation process on inulin hydrolysate by L. acidophillus  
recovered subsequently a series of hydrolysis using enzymes of 
β-Amylase and fungi inulinase of  Scopulariopsis sp.-CBS1 as 
fructooligosaccharides (FOS) [1]. Purification process of 
suspension by means of MF membrane (pores size 0.45 μm) will 
gave concentrate with better uniformity of particles size in order to 
cholesterol binding capacity (CBC) more  optimum when 
compared without MF membrane process. MF membranes with 
pore sizes in the range from 0.1 – 1 μm (100 – 10.000 nm) are 
typically used to separate, trap and remove bacteria and 
biological materials, and very small suspended particulates, 
colloidal suspensions or fine particles with linear dimensions in 
the range of 0.02 – 10 μm (20 – 100.000 nm) contained in a low 
pressured (1 to 10 bar) [2] feed fluid on the feed side considered 
as a retentate (concentrate), and pass freely particles with smaller 
pore sizes than 0.1 – 1 μm (100 – 10.000 nm) as permeate [3,4]. 
It had been known that FOS in inulin represented as total dietary 
fiber (TDF) both soluble dietary fiber (SDF) and insoluble dietary 
fiber (IDF) is the best fat binder when compared to others [5] and 
can be fermented by using colon bacteria, namely Lactic Acid 
Bacteria (LAB). One of the LABs having potential use is L. 
acidophillus, which has function to form short chain fatty acid 
(SCFA) and degrade cholesterol to coprostanol. Coprostanol can 
not be adsorbed by colon, and is further drained with faeces so 
that a number of cholesterol adsorbed by body is low [6]. FOS 
produced by inulin hydrolysis is  alternative source of carbon in 
fermentation using L. acidophillus, so that this biomass of 
fermentation result has potential use as cholesterol binder in 
digestive system.  
In progress, drying process on concentrate is needed to 
recover powder, that can be applied in preparation of pour 
beverage with its cholesterol binder. Utilizing vacuum dryer is an 
effort to get powder with uniform particles distribution of biomass 
and small particles size, so that it is produced better solubility and 
optimal cholesterol binding capacity (CBC). It had been knowh 
that dryer operation condition (dryer type, drying temperature and 
time and material type) and method of size reduction affect on 
particles distribution. On smaller particles size were enabled to 
have better solubility due to larger surface tension of solution so 
that CBC in digestive system will be better and optimum. Drying 
process with difference in concentrate drying time with and 
without MF membrane process is possibility occurred difference 
in particles charateristic and distribution. Using vacuum dryer it is 
possibility occurred more minimum lost of components when 
compared with cabinet dryer [7]. 
The aim of this experimental activity was to find out 
characteristics of biomass of fermented inulin fiber, concentrate 
purified via MF membrane, and concentrate powder of inulin 
fermented by L. acidophillus at fixed process condition of 
fermentation, MF membrane, and drying on compositions, CBC 
and powder particles size for anti cholesterol functional food.  
 
2. EXPERIMENTAL DETAILS 
A. Materials, Equipments and Analysis Instrument  
Main materials used in this experimental activity were inulin 
(Research Centre for Chemistry, Indonesian Institute of Sciences) 
[1], β-Amylase enzyme, inulinase enzyme of Scopulariopsis sp.–
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CBS1, pure culture (liophyl) of L. acidophillus (FNCC, UM), 
skimmed milk (Benolac, USA), destilled water, fluoro polymer 
microfiltration (MF) membrane of 0.45 μm pore size (FSM-0.45-
PP, Danish Separation Systems, Denmark), and chemicals for 
preparation and analysis purposes. All of the chemical reagents 
used were of analytical grade quality, the highest purity available, 
and used without further purification.  
Important important equipments utilized in this experimental 
activity were glassware (beaker glass, cylinder glass, erlenmeyer 
flask, stoppered conical flask), high precision balance (Fujitsu, 
Japan), thermometer, a calibrated pH meter, homogenizer (Ultra-
Turrax, Ika Labortechnik, T50, Jane & Kunkel, Germany), 
autoclave (CHENG YI, LS – 50 L, China), distilling unit 
(Gesellschaft fur Labortechnik GmbH/GFL, Type 2012, 
Germany), autoclave (CHENG YI, LS – 50 L, China), hydrolysis 
system (Local), series of fermentation system in laboratory scale 
(local), magnetic stirrer (HI 303 N, HANNA Instrument, Japan), 
pressure gauge of technical nitrogen (Fisher Scientific Company, 
England), cylindrical tank for technical nitrogen (local), stop watch 
(Hanhart Profil 2, Germany), Dead-End Stirred Ultrafiltration Cell 
(DESUFC) (Amicon, Model 8200, MILLIPORE, U. S. A.), vacuum 
dryer (Vacutherm, Heraus Type VT 6060 P, Kendro Laboratory 
Products, Germany), and  porcelain mortar & pestle (Z247529-
1EA, SIGMA-ALDRICH). While, analysis instruments supporting 
this process treatment were UV-Vis Spectrophotometer (Model 
RF-550, Shimadzu, Japan) and Particle Size Analyzer (Beckman 
Coulter LS 100 Q, U. S. A.). 
B. Experimental Design and Analysis   
This experiment activity work was conducted by fermentation 
on inulin hydrolysate (50 %, w/v) produced from hydrolyzing inulin 
using fungi inulinase enzyme of Scopulariopsis sp.–CBS1 [1] 
fortified by skimmed milk 12.5 % (w/v) at 40 ºC for 48 hours to 
yield biomass. Biomass subjected as feed is introduced in 
purifying process via MF membrane (pore size of 0.45 μm) 
equipped in DESUFC at stirrer rotation speed 400 rpm, room 
temperature and pressure 40 psia for 90 minutes. Concentrate 
was further dried by means of vacuum dryer at 30 ºC and 22 cm 
Hg for m selama 0 dan 48 jam pada suhu 30ºC, tekanan 22 cm 
Hg.  Analysis was carried out on initial matter (feed), retentate 
(concentrate) of biomass concentrate powder on TDF 
(modification of  Enzymatic-Gravimetric method) [8, 9], total solids 
(Gravimetric method), total acids (Titrimetri method), total sugars 
(Phenol-Sulphate method) [10], dissolved protein (Lowry method), 
and Cholesterol Binding Capacity (CBC) [11].  
C.  Process Steps 
x Fermentation of inulin hydrolysate by culture of 
Bifidobacterium bifidum 
A number of inulin hydrolysate (50 %, w/v water) generated 
from hydrolysis of inulin using fungi inulinase enzyme of 
Scopulariopsis sp.–CBS1 [1] and skimmed milk  (12,5 % w/v 
water) was autoclaved at 121 ºC and 1 atm for 20 minutes, 
cooled to room temperature, and added culture stock of L. 
acidophillus (15 % v/v water) in order to form suspension. This 
suspension was further incubated at 40 ºC for 48 hours. 
Autoclaved suspension used was biomass from fermented inulin 
fiber by L. Acidophillus culture.     
x Processes of purifying biomass via MF membrane and drying 
biomass 
Prior to utilize, MF membranes (pore size 0.45 μm) wetted 
with RO water was equipped in DESUFC having 180 mL capacity 
and connected to a nitrogen gas cylinder as driving force on fluid. 
DESUFC was filled by 50 mL of RO water and compacted at 20 
psia for 5 minutes. DESUFC was then emptited, refilled by 
biomass of inulin hydrolysate, and operated at stirrer rotation 
speed of 400 rpm, room temperature and trans-membrane 
pressure (TMP) of 40 psia for 90 minutes. Volumetric permeate 
flow rate was collected and measured and remained concentrate 
was collected in clear bottle, as well. Both permeate and 
concentrate were further analyzed. The membrane was rinsed 
with RO water for 5 minutes. Drying process on concentrate was 
done by means of vacuum dryer at30 ºC and 22 cm Hg for 48 
hours. As comparison, it is employed drying process on  biomass 
without MF membrane process (feed). Processes of fermentation 
on inulin fiber by L. Acidophillus, purifying by microfiltration (MF) 
membrane and drying is showed in Figure 1. 
 
 
Fig.1. Schematic diagram of processes of fermentation on inulin fiber by 
L. Acidophillus, purifying by microfiltration (MF) membrane and vaccum 
drying. 
x Analysis of Total Dietary Fiber (TDF)  
Biomass of concentrate was subsequently filtered via a 200 
mesh sieve to yield filtrate and residue. Residue was 
homogenized under 4000 rpm and 15 minutes, washed with 
ethanol 95 % and aceton at same ratio to twice, and dried at > 
105 °C for 3 hours to result powder. Dried powder was pure Total 
Dietary Fiber (TDF) [8,9]. 
x Analysis of Cholesterol Binding Capacity (CBC) 
A number of yolk (ca. 2.5 g) and 2 g of fermented inulin fiber 
were mixed and shaked with 50 mL of deionization water, 
adjusted its acidity  to pH 7, and shaked in water bath at 37 °C 
(80 rpm, 2 hours). This mixture was added with 16 mL etanol 
(absolute) and centrifuged at  4000 rpm for 20 minutes to produce 
supernatant and residue. One mL of supernatant was taken,  
diluted 5 times using Acetic Acid 90 % and evaporated at 40 °C 
for 1 hours. One mL of  evaporation result was subsequent added 
with 0.1 mL of O-phthaladehyde reagent (50 mg in 100 mL Acetic 
Acid 90 %) and 2 mL of Sulphuric Acid, homogenized and 
allowed for 20 minutes. Analysis on sample was conducted using 
Spectrophotometer UV-vis at ƛ 550 nm and compared with 
blanko. Cholesterol concentration in sample was determined by 
comparing standar curve of standard cholesterol solution, as 
follows : CBC (mg/g) = [C1 – (C2 – C3) x Fp] x 50/W, where, C1 
is cholesterol concentration in yolk, C2 is yolk blanco 
concentration, C3 is concentrations of yolk and sample; Fp is 
dilution factor; 50 is adsorption volume (mL); and W is sample 
weight as dietary fiber (g) [11].   
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3. RESULTS AND DISCUSSION 
A. Characteristic of Materials 
Inulin hydrolysate produced from hydrolysis of inulin (commersial) 
by using inulinase enzyme of Scopulariopsis sp.–CBS1 as 
fructooligosaccharides (FOS) was sweet viscous suspension and 
white color. Fermentation process on FOS by L. acidophillus 
produced biomass of sweet suspension like yoghurt. Figures 2 
showed subsequently inulin hydrolysate as FOS, biomass of L. 
acidophillus fermentation product and concentrate biomass 
purified via MF membrane process. Compositions indicated a 
difference, as displayed in Table 1. When compared to inulin prior 
to hydrolysis process, in which its composition on total sugars 
525.85 mg/mL, total solids 65.17 %, TDF 20.75 % and CBC 15.58 
g/mg [1], hydrolysis on inulinase enzyme of Scopulariopsis sp.–
CBS1 raised TDF and CBC, but lowered total solids and total 
sugars. This decrease was possibility caused by its occurrence of 
breakdown on fructose chain to form fructooligosaccharides 
(FOS) so that lost of a part of non-detected fructose polymer by 
Phenol-Sulphate method is takes place [10]. In this condition, it is 
happened an increase of total solids because solving on all 
components in hydrolysate increase TDF and CBC. It had been 
known that TDF is consist of IDF and SDF so that binding 
cholesterol will be high relating with increasing the whole 
compositions. At  fermentation process of L. acidophillus will be 
occurred a change of composition and appearance (texture) of 
biomass.  
 
 
Fig.2. (a) Inulin hydrolysate, (b) biomass of fermented inulin by L. 
Acidophillus, (c) concentrate and (d) permeate of biomass yielded by MF. 
 
 
As in general fermentation reaction by Lactic Acid Bacteria (LAB),  
formation of organic acids (malic, lactic, acetic, etc.) as total acids 
according to titrimetri method [10] is an indicator in forming 
metabolite for fermentation. This process gave  total acids 1.98 % 
and dissolved protein 3.95 mg/mL increasing after through MF 
membrane in concentrating process to 2.11 % and 4.05 mg/mL, 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
TABLE 1. COMPOSITIONS OF INULIN HYDROLYSATE, 
CONCENTRATE BIOMASS, AND FERMENTED INULIN 
CONCENTRATE OF L. acidophilus 
Types of 
Component 
Types of materials 
Inulin 
Hydrolysate 
Fermented 
Inulin 
Hydrolysate 
Concentrat
e 
Fermented 
Inulin 
Permeate 
Fermente
d Inulin 
Total sugars 
(mg/mL) 
Total solids 
(%) 
TDF (%) 
CBC at pH 
2 (mg/g) 
Total acids 
(%) 
Dissolved 
protein 
(mg/mL 
 
407.21 
 
41,47 
 
30,67 
 
19,42 
 
- 
 
- 
 
 
 
148,85 
 
22,02 
 
10,86 
 
11,17 
 
1,98 
 
3,95 
 
105,21 
 
23,36 
 
6,66 
 
13,78 
 
2,11 
 
4,05 
 
140,36 
 
18,92 
 
2,08 
 
11,17 
 
1,53 
 
0,70 
 
Legend : *using inulinase enzyme of Scopulariopsis sp–CBS1; 
**using L. acidophillus; ***purifying result using MF membrane 
process at stirrer rotation speed 400 rpm, room temperature, and 
pressure 40 psia for 90 minutes. 
Purification process by means of MF membrane process 
increases total solids 6 %, total acids 6.56 %,  dissolved protein 
2.53 %, and CBC 23.37 %, and drops TDF 29.32 % and total 
sugars 38.67 % when compared to before MF membrane 
process. This is relating with membrane selectivity, such as stirrer 
rotation speed, pressure and particles size. MF mode retains 
much more total solids, TDF, total acids and dissolved protein on 
the top membrane surface and  pass freely more much total 
sugars in permeate. It had been known that DESMFC mode via 
rotation force, particles will fall and are retained via gravity force 
(pressure 0 psia), so that by adding pressure (40 psia) will cause 
its occurrence of components accumulation on the top membrane 
surface followed by fouling although particles size of component 
are smaller than MF membrane pores size (0.45 μm) [12, 13]. 
Total solids are accumulation of all components of biomass so 
that it is enabled to form ‘cake’ layer retained on the membrane 
surface followed by other components, such as organic acids 
counted as total acids with particles size range between 0.001 - 
0.01 μm, protein (0.001 - 0.1 μm), sugars (0.001 -0.01 μm) [14]. 
 
 
B.      Effect of Drying Process on Composition Fermented Inulin 
Fiber Powder  
x Total solids (%) and TDF (% dry weight) 
Drying concentrate powder for 48 hours raises total solids and 
TDF pada masing-masing from 22.02 % to 94.6 % (329.6 % or 
3.29 folds) and from 12.55 %  to 63.63 % (407.0 % or 4.1 folds). 
Similar pattern seemed also at biomass without MF membrane 
process for total solids from 22.02 % to 94.26 % (328 % or 3.28 
folds) and TDF from 12.48 %  to 72.32 % (479.5 % or 4.8 folds), 
as demonstrated in Figure 3. This matter is occurred due to water 
evaporation by heat (30 ºC) followed by pressure (22 cm Hg) 
simultaneously during drying process. Total solids and TDF for 
both powder type tends to  show difference in characteristic, 
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however higher content of biomass powder TDF (72.32 %) 
compared with concentrate powder (63.63 %). 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Relationship between material type and drying time on total solids 
and TDF in powder of fermented inulin by L. acidophillus. 
This matter is enabled because MF membrane process will 
only retain and trap components with particles size > 0.45 μm and 
pass freely across components with particles size < 0.45 μm. 
While, biomass without MF membrane process dried all 
components with various particles size. Total solids are 
accumulation from all components both soluble and insoluble, 
whereas TDF are all components of biomass, that can not be 
digestive [5]. TDF is consist of IDF and SDF, but they can be 
fermented by colon bacteria, such as L. acidophillus to form 
unsaturated fatty acids, which has important role to inhibit 
cholesterol synthesis [15, 16, 17]. 
x Dissolved Protein (mg/mL), Total Acid (%) and CBC (mg/g) 
Dissolved protein are accumulation from all dissolved 
peptides in biomass added by skimmed milk as source of lactose 
to metabolism of L. acidophillus [18]. Total acids are all organic 
acids (lactic, malic, acetic, etc.) expressed as total acids 
according to titrimetri method [10] and produced as metabolite by 
L. acidophillus during fermentation process. Cholesterol Binding 
Capacity (CBC) is ability to bind cholesterol counted each gram 
powder TDF at condition adjusted suitable with condition of 
stomach. Drying process for 48 hours increased total solids and 
CBC and decreased dissolved protein, as shown in Figure 4. 
Increasing total acids and CBC in concentrate powder are from 
2.06 % to 8.53 % (314 % or 3.14 folds) and from 12.47 %  to 
18.82 % (51 % or 0.5 folds), respectively. Similar pattern seemed 
also at biomass powder without MF membrane process, in which 
increasing total acids from 3.75 % to 14.62 % (289.87 % or 2.9 
folds) and CBC from 11.86 %  to 15.94 % (34.4 % or 0.34 folds), 
respectively. Whereas, drying process increased  dissolved 
protein both in concentrate powder and biomass powder. 
Decreasing dissolved protein in concentrate powder was from 3.3 
mg/mL to 2.81 mg/mL (14.85 % or 0.15 folds) and in biomass 
powder was from 2.95 mg/mL to 2.7 mg/mL (9.26 % or 0.93 
folds). Dropping is possibility caused by denaturation during 
process.    
 
Fig.4. Relationship between material type and drying time on dissolved 
protein and CBC in powder of fermented inulin by L. acidophillus.
Dropping dissolved protein in concentrate powder and 
biomass powder were from 3.3  mg/mL to 2.81 mg/mL (14.85 % 
or 0.15 folds) and from 2.95 mg/mL to 2.7 mg/mL (9.26 % or 0.93 
folds), respectively. This decreasing is possibility caused by 
denaturation during process.  Increasing total acids were enabled 
because organic acids were possibility binded strongly on other 
components (total solids), so that increasing total solids would 
raise organic acids. Similar matter is also occurred on CBC 
because total solids and TDF became more and more high, would 
raise CBC. TDF of inulin is total polysaccharides and/or other 
components (protein, fat) precipited by added ethanol [8, 9], so 
that components only is consist of insoluble in water as IDF and 
soluble in water as SDF. Functional property of TDF binds fat 
(cholesterol, fatty acids), in which this function is also used as 
prebiotic [5]. Differences in dissolved protein and total acid in 
biomass powder and concentrate powder are caused by smaller 
particles size (0.001 - 0.01 μm ) [14] than that MF membrane 
(pore size 0.45μm) so that they should pass freely more much in 
permeate. DESUFC mode is enabled its occurrence of fouling so 
that they are retained and trapped more much on the membrane 
surface. This drying mode gave dissolved protein (2.81 mg/mL) 
and total acids (14.62 %) in biomass powder bubuk higher than 
that dissolved protein (2.71 mg/mL) and total acids (8.53 %) in 
concentrate powder. Although, higher CBC (18.82 mg/g) from 
concentrate powder compared with CBC (15.92 mg/g) from 
biomass powder. It had been predicted that MF mode produced 
more uniform concentrate particles (> 0.45 μm) so that surface 
tension on particles was larger and absorption power became 
higher in order to increase CBC.  
C. Effect of Drying Process on Particles Distribution of 
Fermented Inulin Fiber Powder 
Drying process on biomass of inulin fermented by L. acidophillus 
gave particles distribution, as shown in Figure 5a. Particles 
distribution of component with diameter size (Ø) < 1 μm and < 10 
μm were not found (0 %). However, particles distribution of 
component with Ø < 10 μm ranging from 0.4 – 10 μm was found 
9.17 % (volume), followed by  particles having Ø < 1000 μm 
ranging between 0.4 and 1000 μm 100% (volume) and particles 
with Ø range of 0.4 – 100 μm 90.83 % (volume) from 100 % 
(volume) of material. In other words, the whole treatments, 
particles in biomass as a result of fermentation were dominated 
by particles with Ø < 1000 μm. Drying process Drying process on 
biomass of inulin showed brown powder, coarse and ununiform 
particles size. Brownish color was possibility caused by heat 
reaction (caramelization)  (Belitz and Grosch, 1999) between 
FOS (inulin) and amino acids (skimmed milk) to form melanoidin 
compounds during drying process. Particles distribution with 
coarse size and shape was displayed in Figure 5b. 
 
 
 
 
 
 
 
 
 
Fig.5. (a) Particles distribution on biomass powder without MF membrane 
process and (b) biomass powder of inulin fermented by L. acidophillus 
dried at 30 °C and 22 cm Hg for 48 hours. 
Different pattern was showed on particles distribution of 
biomass concentrate powder from MF membrane process, as 
demonstrated in Figure 6a. Particles distribution of component 
indicated more significant result, in which particles with Ø < 1 μm 
was yielded 0.15 % (volume). These particles distributed with 
range of Ø between 0.4 and 1 μm became more and more 
increase relating with enlargement of volume. Particles with  Ø < 
2.95 3.75
11.86
3.3
2.06
12.47
2.7
14.62
15.94
2.81
8.53
18.82
0.0
3.0
6.0
9.0
12.0
15.0
18.0
21.0
Concentration
Powder of biomass-0 Powder of concentrate-0 Powder of biomass-48 Powder of concentrate-48 
Kind of material & Drying time (hour)Dissolved protein (mg/mL)Total Acid (%)
CBC (mg/g)
22.02
12.48
22.02
12.55
94.26
72.32
94.6
63.63
0.0
15.0
30.0
45.0
60.0
75.0
90.0
105.0
Concentration
Powder of biomass-0 Powder of concentrate-0 Powder of biomass-48 Powder of concentrate-48 
Kind of material & Drying time  (hour)
Total solid (%)
TDF (%)
 123
ISBN 979-587-621-1
10 μm ranged between 0.4 – 10 μm was 1.66 % (volume), 
followed by particles with Ø < 100 μm (0.4 – 100 μm) was 19.8 % 
(volume) and particles with Ø < 1000 μm (0.4 –1000 μm) was 100 
% (volume). In other words, remained particles with Ø 0.4 – 100 
μm was 80.2 % (volume) from 100 % volume of material or the 
whole treatments, particles in biomass as a result of fermentation 
were dominated by particles with Ø < 1000 μm. Particles 
distribution of concentrate showed effect on MF membrane 
process, in which at stirrer rotation speed 400 rpm and pressure 
40 psia was able to breakdown biomass particles to smaller 
particles with uniform distribution. MF membrane equipped in 
DESUFC or centrifuge sistem). MF membrane process equipped 
in DESUFC was able to drive driven force caused by rotation 
speed (Michael, 1989) in order to reduce size of particles (size 
reduction) so that particles have uniform size. Particles size 
becoming more and more small will enable wider surface tension 
so that particles were expected to bind other component stronger 
than that larger size. In drying process, concentrate produced fine 
and more uniform powder with bleached brownish color, followed 
by bright, as showed in Figure 6b. Difference in color was caused 
by more much sugar molecule (particle size of 0.001 – 0.01 μm) 
passing freely membrane as permeate compared to be retained 
on concentrate. This matter causes weak reaction of 
caramelization on biomass without MF membrane process. 
 
Fig.5. (a) Particles distribution on biomass concentrate powder as a result 
of MF membrane process and (b) biomass powder of inulin fermented by 
L. acidophillus dried at 30 °C and 22 cm Hg for 48 hours. 
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Microwave-Assisted Extraction of Phenolics from Pineapple (Ananas 
comosus) Peels for Green Zero-Valent Iron Production  
Capili, Marc Joseph, Lombos, Owen, Oblepias, Carmelle, Uy, Marylou and Cynthia F. Madrazo*  
Department of Chemical Engineering, Gokongwei  College of Engineering, De La Salle University, Manila, Philippines 
Abstract: This study focused on the optimization of the microwave-assisted extraction (MAE) of phenolic compounds from pineapple 
(Ananas comosus) peel. Pineapple peels were used because of the high pineapple production in the country, which also means that 
large amount of pineapple wastes are available. It is also known that pineapples are rich in phenolic compounds and one of the 
efficient ways of extracting phenolic compounds in plant matrices is by MAE. In this study, MAE was done to optimize the extraction 
considering various parameters such as extraction time (1 to 5 min), solvent-to-solid ratio, SSR (10:1 to 50:1), and microwave power 
(100W, 300W, 500W), using 95% (v/v) ethanol as solvent. The phenolic yield was determined using Folin-Ciocalteu method in terms of 
gallic acid equivalents (GAE). The yield ranges from 0.6479 to 3.7466 mg GAE/g dry peel. The optimum yield (or yield with highest 
value) was obtained at parameters 300W, 50 SSR and 5 min. It is important to extract these phenolics because of its many beneficial 
properties and uses. One of its possible applications is as a reducing agent for Zero-Valent Iron (ZVI) production. ZVI, also known as 
elemental Iron, is a substance which could be used in treating wastewater. After optimization for maximum yield using response 
surface methodology, the optimum sample extract was obtained and was reacted with an iron (III) chloride solution to form the ZVI 
particles. Scanning electron microscopy was done to optically confirm ZVI particles, while an energy-dispersive x-ray spectroscopy was 
utilized to elementally determine the presence of Iron. It can be concluded that microwave-assisted extraction is effective for extracting 
phenolics from pineapple peels. 
Keywords: phenolics; zero-valent iron; microwave-assisted extraction   
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1. INTRODUCTION 
 Clean water is one of the most valuable resources today. Due 
to the wastes from industrial processes, a substantial portion of 
clean water is contaminated with foreign substances, such as 
dyes, thus requires treatment before they can be utilized again. 
One treatment method known is the use of Zero-Valent Iron or 
ZVI, an iron compound that carries no electrical charge and has 
great potential to be an agent for contaminant removal in 
wastewater. 
 ZVI is conventionally synthesized by using sodium 
borohydride (NaBH4) as the reducing agent [1]. However, this 
agent is expensive and hazardous to the environment. The 
environmental problems involved with the toxicity of sodium 
borohydride (NaBH4) can be seen to have defeated the purpose 
of ZVI.  In order to address this, many researchers focused on 
plant extracts as alternatives to NaBH4 [2,3,4].  
One possible plant extract as a reducing agent for ZVI 
production is the phenolic compounds from pineapple (Ananas 
comosus) peels.  Pineapple peels are known to contain high 
amount of phenolics. Over 14 million tons of pineapples are 
produced yearly, making it the eight most abundantly produced 
fruits in the world [5]. According to an article from the website of 
the country’s Department of Agriculture, Philippines is the top 
exporter of juice concentrates such as pineapple juice. Thus, a 
large amount of pineapple peel, which constitutes around 41% of 
the total mass of pineapple [6], is being generated in the 
Philippines.  
This study aimed at the optimization of the microwave-
assisted extraction (MAE) of phenolic compounds, from pineapple 
peel, and at the production of ZVI using phenolic compounds 
obtained from extraction parameters with the optimum result. 
2. METHODOLOGY 
A. Preparation of Pineapple Peel 
Fresh pineapple peels are obtained from pineapples of 
Formosa variety and are available in a local market. The said 
variety is chosen because it is abundant in the Philippines [6]. 
The peels are removed from the pineapple using a kitchen knife. 
The peels are then freeze-dried, ground and stored in the 
refrigerator before extraction.  
B. Design of Experiments and Statistical Analysis 
Optimization of the MAE was based on three factors: 
extraction time, microwave power, and solvent-to-sample ratio 
(SSR). In this study, extraction time and SSR were treated as 
continuous variables because these two can be set with small 
increments, while microwave power was termed as a discrete 
variable because the microwave used did not allow small 
increments on its power setting. The relationships among each 
variable with respect to the extraction yield were approximated 
using a second order polynomial. 
The statistical program, Minitab 17, was used to apply 
statistical analysis to the experimental data and obtain optimized 
parameters for extraction. The ‘Design of Experiment – Response 
Surface Methodology’ module was used for this experiment. 
A two-level full factorial scheme was used for analysis having 
the following characteristics: cube points – 12; center points in 
cube -15; axial points – 12; center points in axial – 0; and α – 1. In 
addition, a confidence value of 95% (p-value = 0.05) was used in 
this analysis. The program used ANOVA to determine 
significance of primary variable effects and variable interaction 
effects, as well as the model characteristics. 
C. Microwave-Assisted Extraction (MAE) of Phenolics  
Extraction of phenolic compounds was done using a 
microwave set-up equipped with a condenser and a thermocouple 
as shown in Figure 1. The solvent used was an ethanol-water 
mixture of 95-5% (v/v).  
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 For the MAE phase, the extraction parameters such as 
microwave power (100W, 300W, 500W), extraction time (1 min, 3 
min, 5 min), and solvent-to-solid ratio, SSR (10 mL/g, 30 mL/g, 50 
mL/g) were employed. Approximately 1 gram of pineapple peel 
sample was extracted. A total of 78 runs, including replicate, were 
done according to the central composite design (CCD) of two 
continuous (extraction time, SSR) and one discrete (microwave 
power) factors, utilizing a full two-level factorial design. 
Figure 1. Microwave Extractor Set-Up 
D. Determination of Phenolic Content  
Determination of total phenolics extracted from pineapple 
peels was done using the Folin-Ciocalteu (FC) method. The 
procedures followed the recommendations by Hossain & Rahman 
[7], with some modifications. External calibration using gallic acid 
was done in this study. 
E. Synthesis and Characterization of Zero-Valent Iron (ZVI) 
The synthesis of ZVI was based on the procedures of 
Machado et al. [8]. After determining the optimal conditions for 
phenolic extraction, approximately 1.5 mL of the raw extract from 
the optimal conditions was mixed with around 500 μL 0.1M iron 
(III) chloride solution. The resulting solution was expected to show 
a darken mixture, which shall suggest the presence of ZVI 
(Machado et al., 2013). The ZVI produced was subjected to SEM 
imaging and elemental analysis. 
3. RESULTS AND DISCUSSIONS 
A. Total Phenolics Extracted from Pineapple 
Using microwave extraction, phenolics were successfully 
extracted from pineapple peels at about 0.6479 to 3.7466 mg 
gallic acid equivalent (GAE) per gram of sample. The extraction 
parameters from which the minimum value of mg GAE/g dry 
sample was obtained at parameters 100 W of microwave power, 
time of 1 minute, and solvent-to-solid ratio (SSR) of 10, while the 
parameters for which the maximum yield was obtained are at 300 
W of microwave power, time of 5 minutes, and (SSR) of 50. 
B.  Effect of Solvent-to-Solid Ratio (SSR) 
One important parameter in the solvent extraction is the ratio 
of the solvent to the solid or SSR. Three values of solvent-to-solid 
ratio were used in this study: 10:1, 30:1, and 50:1. In this 
experiment, the SSR was found to be significant (p-value < 0.001) 
and suggests that the SSR has a significant effect on phenolics 
yield.  
From the plot presented in Figure 2, based from the model a 
slight dip in the trend of phenolics yield can be observed. This 
may have been due to the model fitting using quadratic variables. 
The increasing trend from SSR of 30:1 to SSR of 50:1 can be 
explained by the fact that increasing the solvent volume results to 
extreme swelling of the solute, which allows direct absorption of 
the radiation released by the microwave [9]. The solvent then 
penetrates into the ruptured cell matrix, which releases the 
phenolic compounds into the solvent. Studies on microwave 
extraction show an SSR trend wherein a peak value was 
achieved [9,10]. In this study, one possible reason for not 
achieving a maximum peak is the low experiment range of SSR 
which meant that the phenolic concentration in the solvent had 
not reached saturation. Further increase in SSR may show a 
plateauing of the phenolic yield at some point. 
 
 
 
 
 
 
 
 
 
Figure 2. Effect of Solvent-to-solid on the phenolic yield 
C. Effect of Microwave Power 
Three values of microwave power setting were tested in this 
study: 100W, 300W, and 500W. In this experiment, the effect of 
power on phenolics yield from extraction was significant (p < 
0.001). From the plot presented in Figure 3, the yield 
concentration reached a peak at a power of 300W with a value of 
approximately 2.05 mg GAE/g dry sample.  
 
 
 
 
 
 
 
 
 
Figure 3. Effect plot of microwave power on the phenolic yield 
The linear nature of the curve on Figure 3 is due to the 
microwave power being a discrete variable and thus would be 
expected not to have quadratic curvature. A drastic increase in 
phenolics yield was observed when the power was varied from 
100W to 300W, while a relatively slight decrease was observed 
from 300W to 500W. The trend agrees with the statement of Hu 
et al. [11] that an increase in microwave power results to an 
increase in yield. A positive trend was observed because the 
radiation released by the microwave affects the material directly 
by extensively opening the cell matrix and skin tissues [9]. This 
resulted to better extraction between the solvent and the matrix 
material. Another reason for the increasing trend is the increase 
of temperature of the solution as the power increases, which 
leads to an increase in the rate of mass transfer of phenolic 
compounds from the pineapple peels. A slight decrease was 
observed as the power was increased further from 300W to 
500W. This may be due to the thermal degradation of phenolics in 
pineapple peels with the increase in temperature as a result of 
increased power [12]. The temperature ranges observed during 
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the experiment are 45-72OC, 104-218OC, and 152-273OC for 
100W, 300W, and 500W respectively. At 300W and 500W, the 
temperature exceeded 120OC, the point of significant phenolic 
degradation [13]. However, at 300W, the temperature also went 
below the 120OC mark while at 500W all temperatures were 
above the 120OC mark. This meant that degradation at 300W was 
comparatively less than at 500W. A similar trend was also 
observed from the study of Wen et al. [14] on extraction of 
phenolics and flavonoids from pineapple peels using microwave-
assisted extraction.  
D.  Effect of Extraction Time 
In this study, another parameter that was considered is the 
extraction time. The extraction was performed in 1, 3, and 5 
minutes. From the plot presented in Figure 4, the phenolic yield 
concentration increased with time. In this experiment, the effect of 
time on phenolics yield was significant (p = 0.006). 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Effect plot of time on the phenolic yield 
The trend could be explained that, an increase in the 
extraction time increases the contact between the solvent and the 
material, which results to thermal accumulation [9] leading to the 
release of phenolic compounds to the extraction solvent. The 
near-linear nature of the graph was attributed to the squared-
variable of time being insignificant (p = 0.575) and thus excluded 
from the model. 
E.  Interaction Effects of Parameters Studied 
The interaction effect of the time, and power variables are 
significant with an overall p-value of 0.006. For the measure of 
significance at every power setting, the 100W setting (p = 0.418) 
was insignificant while the 300W setting (p = 0.027) and 500W (p 
= 0.002) settings were significant. 
 The reason for lower yield at low power setting and 
shorter time is because of insufficient heating. However, too much 
heating that occurs at higher power and longer time also resulted 
to lower yield because thermal degradation of phenolics would 
occur [12]. With a microwave power of 100W, the yield was lower 
compared to the phenolics yield of the 300W and 500W power 
because the temperature may not have been high enough to 
induce a higher mass transfer rate. For longer extraction times, 
however, the 100W power setting had an upward trending 
phenolics yield which might have been influenced by weaker 
thermal degradation of phenolics. 
Also, the interaction effect of extraction time and solvent-to-
solid ratio (SSR) variables are significant with an overall p-value 
of 0.002. The plot for the SSR and time showed significant 
interaction with SSR of 10 and 30. High extraction rate can be 
observed until around 2 minutes with an SSR ratio of 10 because 
of the low resistance to the concentration gradient. At a longer 
extraction time combined with a high SSR value, an increase in 
yield can be observed because saturation of solvent was not yet 
reached. The yield value at SSR of 10 is relatively same for 1, 3, 
and 5 minutes because not enough solvent is present to extract 
more phenolics. Moreover, the slight decrease in yield at 5 
minutes in SSR of 10 is because of longer heat exposure of 
phenolics that may have caused degradation. 
The optimum condition for the study was found to be at 300 
W, 50 SSR, and 5 minutes. The residual liquid volume was 
approximately 40.5 mL with a weight of 31.5674 grams. The solid 
weight reported at the end of the extraction was 4.1956 grams. 
The absorbance of the extract was read to be 0.322. From the 
calibration curve, the concentration of the verification run was 
found out to be 3.5576 mg GAE/g sample. Using the model, the 
value of the concentration was found to be 3.7920 mg GAE/g 
sample. The percentage difference of these two values is 
6.3786%. 
 
F. Optimum Condition for Phenolics Extraction 
Other studies that also used MAE have higher yields than the 
results gathered in this study. The study of Wen et al. (2009) used 
pineapple peels with a 75% Ethanol and the optimum extraction 
parameters are 450W Power, 40 SSR and 2.67 minutes (160 
seconds). The yield was 9.70 mg GAE/g dry weight. In addition, 
the study of Zhen et al. (2011) using pomegranate peels has an 
optimum yield of 210.36 mg GAE/g. Zhen et al. [15] used water 
as the solvent and the optimum extraction parameters are 600W 
power, 20 SSR and 1 minute. The reason for the higher yields 
may be due to the different solvent and solvent concentration, 
and other type of fruit peels. 
 
G. Synthesized Zero-Valent Iron (ZVI) 
The phenolics obtained from the optimum extraction 
parameters was tested for its property to reduce ferric irons to 
form zero-valent iron by mixing 1.5 mL of raw extract and 0.5 mL 
of the 0.1M iron (III) chloride. Dispersion of black particles can be 
observed at every drop of iron (III) chloride solution during the 
dropwise addition of iron chloride solution to the raw extract. After 
preparation of the sample for imaging, it was brought to the 
Surface Physics Laboratory of DLSU for SEM Imaging. The 
imaging and elemental analysis by SEM-EDX are presented in 
Figure 5 and 6. 
 
4. Conclusions and Recommendations 
The studies on microwave-assisted extraction investigate the 
effect of microwave power, extraction time and the solvent-to-
solid ratio (SSR). This study proved the different effects of each 
parameter to the extract. The trending behavior of yield at varying 
microwave power shows that a power setting higher than 100W is 
more favorable, although a limit must be maintained to avoid 
thermal degradation of the phenolics. According to the straight 
trend of extraction time and the curve trend of SSR, a longer time 
and greater SSR will be more favorable. 
Phenolics yield obtained ranges from 0.6479 to 3.7466 mg 
GAE/g dry peel. The optimum condition for phenolics extraction 
was found at a microwave power setting of 300W, 50 SSR and 
extraction time of five minutes. A verification run was done using 
the optimum condition and the concentration at the optimum 
condition was found to be 3.5576 mg GAE/g sample. From the 
obtained optimum settings of extraction parameters, it can be 
concluded that higher extraction time and higher SSR provides 
higher yield. However, the microwave power has a limit such that 
higher power does not necessarily mean higher yield. Using the 
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optimal phenolic extract sample, ZVI were formed by mixing the 
extract with an iron (III) chloride solution. After drying, the 
precipitates formed were analyzed using SEM-EDX. Clusters 
were found and their size distribution was determined. An 
elemental analysis of the clusters in the image showed significant 
amounts of oxygen, chlorine, and iron. 
It can be concluded that microwave-assisted extraction is 
effective for extracting phenolics from pineapple peels. However, 
pineapple peels yielded lower phenolics than other fruit peels. In 
addition, the use of 95% ethanol solution as a solvent for 
microwave extraction may not be very effective as lower ethanol 
concentrations may produce better yields. Therefore, it is 
recommended to find new plant or plant materials for microwave-
assisted extraction of phenolics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Scanning Electron Microscope Image of ZVI produced at 15 kV 
and 7,500x magnification. 
 
Figure 6. Energy-dispersive X-ray spectroscopy spectrum of the image 
area. 
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Brine Shrimp Lethality Test of the Water Extract of Averrhoa 
Carambola L. Leaves  
Dewi Tristantini* and Aulia Rahmi 
Department of Chemical Engineering, Universitas Indonesia, 16424, Indonesia, 
Abstract: Secondary metabolites of phytochemical compounds is an important factor that influence the biological activity of a natural 
product. Brine Shrimp Lethality Test is known as preliminary test for conducting the biological activity of phytochemical compounds 
which correlate to its pharmaceutical application. Averrhoa carambola Linn leaves has been used as traditional herbal medicine. The 
leaves of Averrhoa carambola Linn can be used as traditional herbal medicine and it has a lot of efficacy as an appetite stimulant, 
antidiarrheal anti-ulcerogenic, antioxidant, anti-inflammatory, anti-hypertension, and anti-hyperglycemic. This leaves contain some 
phytochemical compounds, like flavonoids. The purpose of the research is to determine the potency of acute toxicity which correlate to 
the amount of total flavonoid content from water extract of Averrhoa carambola Linn. leaves. In this research, the duration of extraction 
time is used as a variation. All of the duration of extraction time showed the LC50 values of water extract of Averrhoa carambola Linn 
leaves ranged from 1056.99 μg/mL to 9908.32 μg/mL. However, the LC50 values was fluctuating as the duration of extraction time was 
increased. This result indicates that water extract of Averrhoa carambola Linn leaves does not have biological activity as a toxic 
because of the small amount of total flavonoid in water extract of Averrhoa carambola Linn leaves. 
Keywords: Averrhoa carambola Linn.; Brine Shrimp Lethality Test; Extraction; Flavonoid; LC50 values.     1 
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1. INTRODUCTION 
 The traditional herbal medicine has been used for 
maintaining human health and taking care human beauty more 
and more nowdays. In Indonesia, the traditional herbal medicine 
is categorized into three types. The three types of traditional 
herbal medicine are jamu, standardized herbal medicine, and 
fitofarmaka. All of them were made from medicinal plant from 
Indonesia. 
 About 7,000 plants in Indonesia suspected to have an 
efficacy as a traditional herbal medicine [9]. One of the plants that 
can be used as traditional herbal medicine is a star fruit (Averrhoa 
carambola Linn). Averrhoa carambola Linn is a plant from 
Oxalidaceae family [12,15]. Averrhoa carambola Linn grow in 
tropical region, like Indonesia. This plant known as a starfruit 
because its characteristic shape resembling a five pointed star. 
All of the part of Averrhoa carambola Linn can be used as 
ingredient of traditional herbal medicine, like its fruits, its stems, 
and its leaves. The extracts of carambola fruit, stems and leaves 
have been reported to exhibit various pharmacological properties 
that include: antioxidant, anti-inflammatory, analgesic, antipyretic, 
anticonvulsant, anti-hyperglycemic and other activities [15]. 
 The leaves of Averrhoa carambola Linn can be used as 
traditional herbal medicine and it has a lot of efficacy as an 
appetite stimulant, antidiarrheal anti-ulcerogenic, antioxidant, anti-
inflammatory, anti-hypertension, anti-hyperglycemic. The 
preliminary phytochemical investigation of the leaves extract of 
Averrhoa carambola Linn. showed the presence of phytosterols, 
flavonoids, acidic compound, carbohydrates, glycosides and 
alkaloids [14]. The presence of phytochemical compound 
indicated the biological activity of Averrhoa carambola Linn. 
leaves were correlated to its efficacy as traditional herbal 
medicine. 
 In this present study, the water extract of Averrhoa 
carambola Linn. leaves were tested for their toxicity effect using 
Brine Shrimp Lethality Test (BSLT) method. Brine Shrimp 
Lethality Test (BSLT) is an assay for determining LC50 value in 
μg/mL of active compounds and extract in the brine medium [3]. 
Brine Shrimp Lethality Test (BSLT) is one of the method for 
determining acute toxicity of natural compounds. The purpose of 
this study was to identificate the biological activity of of Averrhoa 
carambola Linn. leaves extract based on the toxicity of its 
secondary metabolites. Futhermore, the total flavonoid content 
was done for obtaining the correlation between Brine Shrimp 
Lethality Test (BSLT) and the total flavonoid content of Averrhoa 
carambola Linn. leaves extract. 
2. MATERIALS AND METHODS 
A. Preparation of Extract 
The leaves of Averrhoa carambola Linn were collected in 
PUSGIWA Garden in Universitas Indonesia. The leaves of 
Averrhoa carambola Linn were cleaned with water. The leaves 
were indirectly dried in the sun, for seven days. After drying 
process, the leaves of Averrhoa carambola Linn were crushed as 
a powder. The dried and powdered plant material (10 g) were 
extracted with water (200 mL) using reflux extraction. In this 
research, the duration of extraction time is used as a variation. 30 
minutes, 45 minutes, 60 minutes, 75 minutes, and 90 minutes are 
used as duration of extraction time. In this experiment, 80˚C was 
used as standard temperature. After extraction, plant material 
was removed by filtration using vaccum pump and Bipmed 125 
mm filter paper. 
B. Total Flavonoid Content Assays : Aluminum Chloride 
Colorimetric Method with NaNO2 
Alumunium chloride colorimetric assay with addition of NaNO2 
from Marinova method [5], was used for measuring total flavonoid 
content of Averrhoa carambola Linn leaves extract. In this 
experiment, spectrophotometer UV-VIS method was used for the 
analysis of total flavonoid content assay. Catechin was used as a 
standard compound. 10 mg of catechin was added and was 
dissolved with distillated water to 10 mL volumetric flask. Then, 
the standard solution was diluted to 20, 40, 60, 80, and 100 
μg/mL. After dilution, 1 mL of standard solution was added to 10 
mL volumetric flask containing 4 mL of distilled water. 0.3 mL of 
NaNO2 5% solution was added to the mixture. After that, the 
mixture was incubated for five minutes. After the incubation, 0.3 
mL of AlCl3 10% solution was added and incubated again for 6 
minutes. Then, 2 mL of NaOH 1M solution was added. After that, 
the total volume was made up to 10 mL with distilled water. The 
solutions were used to make calibration curve. 
The sample of Averrhoa carambola Linn leaves extract was 
treated in the same way, like the standard solution. 1 mL of 
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sample was added to 10 mL volumetric flask containing 4 mL of 
distilled water. 0.3 mL of NaNO2 5% solution was added to the 
mixture. After that, the mixture was incubated for five minutes. 
After the incubation, 0.3 mL of AlCl3 10% solution was added and 
incubated again for 6 minutes. Then, 2 mL of NaOH 1M solution 
was added. After that, the total volume was made up to 10 mL 
with distilled water. The blank solution was treated in the same 
way, like sample or standard solution. But, water was used to 
substitute the amount of AlCl3 10% solution with same amount of 
it. Then, the absorbance of standard solution and the sample 
solution were measured against prepared reagent blank at 510 
nm with spectrophotometer UV-VIS. After the absorbances were 
measured, calibration curve was made by plotting the 
absorbances of each concentration of  standard compound, 
catechin. Then, the catechin equivalent (μg/mL) can be obtained. 
Lastly, the total flavonoid content can be measured using the 
formula below. 
 Ł 
Where, C is catechin equivalent (μg/mL) and Fp is dilution factor.  
C. Brine Shrimp Lethality Test (BSLT)   
 Brine Shrimp Lethality Test (BSLT) from Meyer method [3], 
was used and modified for measuring LC50 value of Averrhoa 
carambola Linn leaves extract. Artemia salina Leach eggs were 
hatched using artificial seawater, which was prepared using sea 
salt, baking soda and double distilled water. The nauplii which 
aged 48 hours, were collected by pipette. 10 mg of Averrhoa 
carambola Linn leaves extract were dissolved with 10 mL 
distillated water for preparing sample solution. Then, the sample 
solution was diluted to 10, 100, and 1000 μg/mL with distillated 
water. After that, 0.4 mL of each concentration of sample solution 
was dissolved with 4 mL artificial seawater and 10 nauplii were 
added into test solution. After 24 hours, the nauplii which 
survived, were counted. Then, the percentage of mortality were 
calculated with the formula below.  
 
(2) 
 After the calculation, the lethal concentration for 50% 
mortality after 24 h of exposure (LC50 value) from Averrhoa 
carambola Linn leaves extracts were obtained using the probit 
method. 
3. RESULTS 
A. Total Flavonoid Content Assays : Aluminum Chloride 
Colorimetric Method with NaNO2 
 The total flavonoid content from Averrhoa carambola Linn 
leaves extracts were fluctuating as the duration of extraction 
times were increasing. For aluminum chloride colorimetric method 
with NaNO2, the most optimal extraction time for obtaining the 
largest of total flavonoid content from Averrhoa carambola Linn 
leaves extract  was 60 minutes. 
 In figure 1, the total flavonoid content which was produced 
from 30 minutes extraction was 0.1856 % catechin equivalents. 
The total flavonoid content which was produced from 45 minutes 
extraction was 0.2113 % catechin equivalents. The total flavonoid 
content which was produced from 60 minutes extraction was 
0.2296 % catechin equivalents. The total flavonoid content which 
was produced from 75 minutes extraction was 0.2097 % catechin 
equivalents. Lastly, the total flavonoid content which produced 
from 90 minutes extraction was 0.2042 % catechin equivalents. 
 
Fig .1.The Effect Of Extraction Times Toward Total Flavonoid Content 
 
B. Brine Shrimp Lethality Test (BSLT)   
 Table 1 shows the percentage of Artemia salina Leach 
mortality of each extraction time in every concentration. The 
percentage of Artemia salina Leach mortality were increasing as 
the concentration of test solutions were increasing too in this 
experiment. It was happened to all variation of extraction time. 
The largest amount of mortality percentage Artemia salina Leach 
was only 33.3 %. The result of all variation of Averrhoa carambola 
Linn leave extracts can be seen in the table below. 
 
TABLE I. THE MORTALITY PERCENTAGE 
Concentration 
% Mortality 
30 
minutes 
45 
minutes 
60 
minutes 
75 
minutes 
90 
minutes 
10 μg/mL 10 3,3 3,3 0 10 
100 μg/mL 23,3 20 16,7 23,3 20 
1000 μg/mL 33,3 30 30 30 33,3 
After obtaining the percentage of Artemia salina Leach 
mortality, LC50 value can be calculated from it using the probit 
method. LC50 value were fluctuating as the duration of extraction 
times were increasing. In figure 2, The LC50 value of 30 minutes 
extract was 8232,46 μg/mL. The LC50 value of 45 minutes extract 
was 4175,42 μg/mL. The LC50 value of 60 minutes extract was 
4885,27 μg/mL. The LC50 value of 75 minutes extract was 
1056,99 μg/mL. Lastly, the LC50 value of 90 minutes extract was 
9908,32 μg/mL. 
 
Fig .2. The LC50 Values Toward Extraction Time 
 
4. DISCUSSION 
 The purpose of this study was to identificate the biological 
activity of of Averrhoa carambola Linn leaves extract based on 
the toxicity of its secondary metabolites. Futhermore, the total 
flavonoid content was done for obtaining the correlation between 
Brine Shrimp Lethality Test (BSLT) and the total flavonoid content 
of Averrhoa carambola Linn leaves extract. In this research, the 
duration of extraction time is used as a variation. 30 minutes, 45 
minutes, 60 minutes, 75 minutes, and 90 minutes are used as 
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duration of extraction time. In this study, the procedure of 
alumunium chloride colorimetric assay was used to obtain total 
flavonoid content of Averrhoa carambola Linn leaves extract, with 
addition of NaNO2. The reason of using NaNO2 was to detect 
some types of flavonoid because none of colorimetric assay can 
detect all flavonoid specifically [3]. The addition of NaNO2 in 
alumunium chloride colorimetric assay was aimed for detecting 
rutin, luteolin and catechin [2]. 
 For alumunium chloride colorimetric assay with addition of 
NaNO2, the most optimal extraction time for obtaining the largest 
of total flavonoid content from Averrhoa carambola Linn leaves 
extract was 60 minutes. From figure 1, the amount of total 
flavonoid content was increasing from 30 minutes until 60 
minutes. However, the amount of total flavonoid content was 
increasing from 60 minutes until 90 minutes. Flavonoid is one of 
phenolic compound that can be obtained from plants [8]. When 
the optimal time has been reached, the increasing of extraction 
time can not increase the extracted phenolic compound anymore 
[7]. It can be happened because the solvent were saturated with 
all of the extracted bioactive compounds. After 60 minutes, the 
increasing of flavonoids was stopped. Then, the total flavonoid 
content started to decrease slowly. The decreasing of total 
flavonoid content from 60 minutes until 90 minutes can be 
happened because of the degradation of phenolic compounds. 
Some factors can influence the degradation process, like 
temperature, oxygen, and light [6]. 
 For Brine Shrimp Lethality Test (BSLT), the percentage of 
Artemia salina Leach mortality were increasing as the 
concentration of test solutions were increasing. It can be 
happened because the amount of dossages can be a factor that 
can influence to toxicity of chemical compounds as well as natural 
compounds [13]. The higher concentration in the test solution, 
then the higher mortality percentage of Artemia salina Leach 
have. After obtaining the percentage of Artemia salina Leach 
mortality, LC50 value can be calculated from it using the probit 
method. LC50 value were fluctuating as the duration of extraction 
times were increasing. However, the duration of extraction times 
can not influence the toxicity of  a compound. It can be happened 
because of chemical factors, like type of bioactive compound, 
average total of bioactive compound, qualitative and quantitative 
content of bioactive compound, and type of solvent [13].  
 The LC50 value of each variation 30, 45, 60, 75, and 90 
minutes were 8232,46 μg/mL, 4175,42 μg/mL, 4885,27 μg/mL, 
1056,99 μg/mL, and 9908,32 μg/mL. The LC50 value from all 
variation is more than 1000 μg/mL. The LC50 value of of each 
variation of Averrhoa carambola L. leaves extract were more than 
1000 μg/mL. If LC50 value > 1000 μg/mL, it means that water 
extract of Averrhoa carambola leaves does not have biological 
activity as a toxic [3]. It can be happened because and the 
amount of total flavonoid content of Averrhoa carambola L. leaves 
extract is very small, from the procedure of alumunium chloride 
colorimetric assay. The total flavonoid content which was 
produced from 30, 45, 60, 75, and 90 minutes were 0,1856 %, 
0,2113 %, 0,2296 %, 0,2097 %, and 0,2042 % catechin 
equivalents. It is less than 0,5%. So, the bioactive compound can 
not be active as a toxic. 
 
5. CONCLUSION 
 This result indicates that water extract of Averrhoa 
carambola Linn leaves does not have biological activity as a toxic 
because of the small amount of total flavonoid content in water 
extract of Averrhoa carambola leaves. 
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Bentonite-biochar Composite for Heavy Metals Removal  
Felycia Edi Soetaredjo1*, Yi-Hsu Ju2, Aning Ayucitra1, Suryadi Ismadji1*  
1Department of Chemical Engineering, Widya Mandala Surabaya Catholic University, Kalijudan 37, Surabaya 60114, Indonesia 
2Department of Chemical Engineering, National Taiwan University of Science and Technology, Taipei, Taiwan 
Abstract: A clay composite material was prepared bentonite and water hyacinth. The bentonite used in this study was obtained from 
Pacitan, East Java, Indonesia. The preparation of bentonite-biochar composites were conducted at temperatures between 400 to 
500oC under carbon dioxide or steam environment. The characterizations of the composites were conducted using nitrogen sorption, 
X-Ray Diffraction, and scanning electron microscope methods. Combination of micropore and mesopore structures were observed in 
the composites.  In order to examine the adsorption capability of the composites, a series of liquid phase adsorption experiments were 
conducted in a static mode at 30oC. Cu(II) and Pb(II) were used as the adsorbates in the adsorption experiments. The concentration of 
heavy metals in the solution was determined by atomic absorption spectrophotometer. Widely used adsorption isotherm models, 
Langmuir and Freundlich, were employed to correlate the experimental data, and the results indicate that the Langmuir model could 
represent the adsorption experimental data better than the Langmuir model. For the kinetic study, the pseudo-first and pseudo-second 
models were used to correlate the kinetic data. Pseudo-second gave better performance than pseudo-first in correlating the kinetic 
data.
Keywords: Bentonite-biochar, composite, adsorption, heavy metal  
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CeO2-Al2O3 Xerogel as an Oxygen Storage Support in Ni Catalysts 
With Enhanced Reducibility 
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Abstract: The most characteristic of CeO2 is the oxygen storage capacity (OSC) to enhance the Ni catalyst performance by coke 
removal. In this study, the CeO2-Al2O3 supports were prepared by different method, a one-step sol-gel method and an impregnation 
cerium precursor on a commercial Al2O3. The behavior of oxygen storage/release and the oxygen storage capacity values on the 
mixed oxides were investigated at 500°C by using thermogravimetric analysis. Furthermore, in situ X-ray absorption near edge 
structure (XANES) was applied to study the reduction behaviors and the phase transformations of CeO2 in both the Ni catalysts. The 
oxygen was stored and released gradually and the high OSC of 247 μmol-O•g-1 was observed on the CeO2-Al2O3 support prepared 
by a one-step sol-gel method. The increase of OSC performance in the CeO2-Al2O3 was due to the homogeneity of the Ce species 
into the Al2O3 support. The Ni catalysts using a mixed oxide xerogel as the support showed the high reducibility of CeO2 and 
completely converted to Ce3+ species at temperature 600°C. 
Keywords: CeO2-Al2O3 xerogel; Oxygen storage capacity; Time-resolved XAS; Reducibility   
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1. INTRODUCTION 
  CeO2, a lanthanide oxide, is known as an oxygen storage 
material. It has been most frequently employed as the promoter 
on Al2O3 support in Ni-based catalysts for several reactions such 
as reforming of hydrocarbons, gasification of biomass and three-
way catalysts (TWCs) [1-3] because of its properties. The results 
of the remarkable structural and chemical properties of CeO2 are 
the enhancement of the dispersion of the active metal, the 
improvement of the stability of the Al2O3 support, and the 
inhibition of metal sintering [4,5]. An important characteristic of 
CeO2, in which the research interests have been paid more 
attention, is the oxygen storage capacity (OSC). It is allowed to 
store and release oxygen to simultaneous supply the oxygen for 
oxidizing coke and CO, leading to a carbon removal and an 
enhancement of Ni catalysts stability [6]. 
As reported in the literature, a considerable number of current 
studies have prepared by the impregnation method because of its 
simplicity. However, the properties of the supports are 
uncontrollable. Sol-gel method has been frequently used to 
prepare the metal oxide supports with controllable properties and 
high homogeneity. It has been recently reported that the OSC 
values of the CeO2-Al2O3 mixed oxide prepared by a one-step 
sol-gel method increased with increasing of CeO2 loading. The 
highest OSC values was observed at high ceria loading (51 wt%) 
but it had a low surface area [7]. The effect of the preparation 
method of the CeO2-Al2O3 supports on their physical and 
structural properties has been recently investigated. It was found 
that the CeO2-Al2O3 mixed oxides prepared by a one-step sol-
gel method exhibited the best activity for the selective reduction of 
NO with NH3 due to its high surface area, high NH3 adsorption 
capacity, strong interaction, high dispersion of ceria and good 
redox ability [8]. Although the effect of preparation method of 
CeO2-Al2O3 supports on physico-chemical and structural 
properties has been investigated, the effect of preparation method 
on the OSC performance and the reducibility of Ni-supported on 
that mixed oxide has not been reported. This work focused on the 
preparation method of the CeO2-Al2O3 support with high oxygen 
storage capacity to use as the promoted support in Ni 
catalysts via the one-step sol-gel method. Moreover, the 
enhancement of reducibility of the Ni catalysts were 
investigated by using in situ X-ray absorption near edge 
structure (XANES). 
2. EXPERIMENTAL DETAILS 
A.  Preparation of CeO2-Al2O3 and Ni/CeO2-Al2O3 
CeO2-Al2O3 supports were prepared by different methods, a 
one-step sol-gel method and an impregnation method. The mixed 
oxide was prepared by the one-step sol-gel method done by 
using the mixture of Ce(NO3)3·6H2O and Aluminium tri-sec-
butoxide (ASB) as CeO2 and Al2O3 precursors, respectively, 
which were dissolved in ethanol at 80°C. 0.1M HNO3 was 
gradually dropped into the mixed solution. The gel was aged for 
72 h. Finally, it was dried and calcined at 120°C and 800°C, 
respectively, for 3 h. The mixed oxide xerogel was denoted as 
CA(OS). 
To compare the effect of the preparation method on the OSC 
property of the CeO2-Al2O3 support, it was also prepared by the 
impregnation method. The ceria precursor was impregnated on a 
traditional Al2O3. The impregnated slurry was dried and calcined 
at the same temperature as described hereinbefore. The CeO2-
Al2O3 support prepared by the impregnation method was denoted 
as CA(IC). 
The Ni/CeO2-Al2O3 catalysts were sequentially prepared by 
the impregnation of the Ni precursor, Ni(NO3)2·6H2O, on both the 
mixed oxides as prepared. The drying and calcination conditions 
were followed by using the same conditions as explained above. 
The Ni catalysts were labeled as NCA(OS) and NCA(IC) for those 
supports prepared by the one-step sol-gel method and the 
impregnation method, respectively. 
B.  Characterization 
The thermogravimetic analysis (TGA) was applied to measure 
the oxygen storage/release capacity of the mixed oxide supports. 
10 mg of sample was held in an N2 atmosphere during heating 
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from room temperature to 500°C to remove moisture and other 
volatile gases. After that, the sample was held in a flowing O2 gas 
to be confident that the sample was completely in form of CeO2 
species. Then, the sample was alternatively reduced by a stream 
of H2 and oxidized by a flowing O2 gas. The stepwise of reduction 
and oxidation was performed at 500°C. Four consecutive cycles 
was carried out by using a Pyris 1 TGA (Perkin). The profiles of 
weight gain and loss between reductive and oxidative conditions 
at 500°C were used for analyzing the OSC values.  
The BET surface area of the mixed oxides was measured 
using a Autosorb I analyzer (Quantachrome). 
The reduction behaviors and the phase transformations of 
CeO2 in all the Ni catalysts were investigated by using an in-situ 
cell for time-resolved XAS measurement. The experiments were 
set up at Beamline 2.2 of the Synchrotron Light Research 
Institute, Thailand. A mixture of the sample with boron nitride was 
placed in an in-house stainless steel cell. The cell was heated by 
using six cartridge heaters coupling with the K-type thermocouple. 
The heating temperature was controlled and was monitored by 
using the Eurotherm 2216e software. The sample was heated 
from 50°C to 650°C with a heating rate of 5°C·min- 1 under a 75% 
H2/N2 mixture flow. The XANES spectra of Ce LIII-edge for all the 
Ni catalysts were recorded in a transmission-yield mode with a 
linear image NMOS sensor. A Si (111) bent single crystal 
monochromator was used for energy dispersion to acquire XAS 
spectra. The single full range spectrum was scanned at 500 ms 
with average of ten readouts. The data processing was made by 
using the ATHENA software program. Ce(NO3)3·6H2O and CeO2 
were used as the references for Ce3+ and Ce4+, respectively. 
3. RESULTS and DISCUSSION 
A. Oxygen storage/release capacity (OSC) of the CeO2-Al2O3 
supports 
Fig. 1. presents the TG profiles as a function of time which are 
associated with the oxygen storage/release performance of both 
supports prepared by different methods. Both supports showed 
the different oxygen storage and release behavior. The CA(OS) 
xerogel took longer for oxygen storage/release than that of 
CA(IC) support. This was ascribed to the higher Ce efficiency in 
the CA(OS) supports. The Ce efficiency, calculated by using 
linear combination fitting (LCF) in the ATHENA software program, 
is the ratio of Ce3+ in the CeO2-Al2O3 support. The combinations 
of two reference spectra in the energy in the range of -20 to +70 
eV was used to measure the Ce3+ ratio under reduction 
atmosphere at 500°C, as presented in Table I. The higher ratio of 
Ce3+ species in the CA(OS) xerogel possibly arose from the 
formation of CeAlO3 species, being the interaction between CeO2 
and Al2O3 during the condensation and gelation steps in the one-
step sol-gel method. As reported in the literature [5], the Ce3+ 
species in form of CeAlO3 was stable. Therefore, the oxygen was 
gently released and stored over the CA(OS) xerogel under 
reductive and oxidative conditions, respectively. It took 200 min to 
store and 258 min to release oxygen. On the other hand, the 
weight change on CA(IC) support from oxygen storage/release 
was suddenly measured after switching a stream of O2 and H2 
within 32 and 60 min, respectively. These behaviors suggested 
that the CeO2-Al2O3 supports prepared by the one-step sol-gel 
method enhanced the OSC properties because the Ce3+, which 
was incorporated into the Al2O3 support, heighten the oxygen 
release reaction to form larger Ce3+ [3]. 
 
 
Fig.1. TGA profiles of the (a) CA(OS) and (b) CA(IC) supports at 
500°C for determine OSC properties 
As presented the behaviors of storage and release oxygen of 
the CeO2-Al2O3 supports, the reduction activity is regularly slower 
than the oxidation activity [9]. Therefore, the OSC values were 
calculated from the reduction reactivity or the step of oxygen 
release. The results showed that the OSC value for the CA(OS) 
sample was remarkable higher than that of CA(IC) sample, as 
summarized in Table I. The ratio of OSC values to BET surface 
area is also listed in Table I. The higher ratio was observed on the 
CA(OS) support, leading to the higher number of surface oxygen 
atoms.  
TABLE I.  OSC values at 500°C of the CeO2-Al2O3 supports 
prepared by different methods 
Sample 
Ce 
Efficiency 
(%)a 
OSC  
(μmol-O·g-1) 
OSC/SA b  
(μmol-O·m-
1) 
CA(OS) 51.2 247 1.18 
CA(IC) 30.7 73 0.43 
a. The Ce3+ ratio under reductive condition 
b. OSC values per surface area of the samples 
B.  Reducibility of the Ni catalysts 
The Ce electronic structures along the reduction of both 
Ni/CeO2-Al2O3 catalysts were investigated by in-situ TPR-XANES. 
Fig.2 illustrated the Ce LIII edge XANES spectra of both Ni 
samples acquired. 
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Fig.2. Time resolved XANES spectra at Ce LIII edge of (a) NCA_OS and 
(b) NCA_IC catalysts under the reduction condition from 50 to 650°C 
 To investigate the changes of oxidation state of Ce in both 
supports against the reference materials, the normalized Ce 
standard spectra of CeO2 and Ce(NO3)3·6H2O were represented 
the Ce4+ and Ce3+, respectively, as displayed in Fig. 3. The X-ray 
absorption spectrum of Ce4+ presented differently from that of 
Ce3+. The feature of CeO2 XANES spectrum is the appearance of 
two main detached peaks. These are located at 5729.4 and 
5736.2 eV, denoted as B2 and C, respectively, which is attributed 
to the different final states of Ce caused by the hybridization of 
the 4f orbital of Ce and the 2p orbital of O [10-12]. Moreover, the 
transition of the dipole forbidden 2p3/2-4f results in the existence 
of small pre-edge peak, denoted as peak A at 5717.6 eV [11]. 
Contrary to the characteristic spectrum of Ce4+, that of Ce3+ 
absorption state is simple. It exhibited the single white line, which 
is the nature of Ce3+ absorption state at 5724.8 eV and is noted 
as B1. It is attributed to the absorption into the 5d level with 4d 
occupancy in the final state [13]. 
 
Fig.3. XANE spectra of the Ce LIII edge of the references, CeO2 and 
Ce(NO3)3·6H2O 
As exhibited in Fig. 2., the Ce LIII-edge absorption energy for 
both the Ni catalysts revealed the characteristic spectrum of CeO2 
at the beginning condition where the temperature was 50°C. After 
both the Ni catalysts were exposed to a reducing atmosphere 
(75% H2/He) along with increasing temperature, there were no 
significant changes of the XANES spectrum at temperature lower 
than 300°C. For the NCA(OS) catalyst, the reduction peak began 
to reduce at 330°C while the NCA(IC) catalyst was initially 
reduced at 490°C. The intensity of two detached peaks, 
representing the Ce4+, drastically changed together with the shift 
of peak. The new peak, resembling more closely the profile of the 
Ce3+ species, became predominant. The peaks developed 
progressively as the reaction temperature was raised. This 
indicated that the Ce4+ was being converted to Ce3+ species. The 
complete reductions of CeO2 to Ce3+ species were observed at 
600 and 650°C for the NCA(OS) and NCA(IC) catalysts, 
respectively. This indicated that the NCA(OS) catalyst had a 
better reducibility of CeO2. 
4. CONCLUSIONS 
The CeO2-Al2O3 xerogel with the high oxygen storage capacity 
used in Ni catalysts was synthesized by one-step sol-gel method. 
The behavior of oxygen storage/release over the CeO2-Al2O3 
support prepared by the one-step sol-gel method proceeded 
gradually. The homogeneous incorporation of Ce species into the 
Al2O3 support, generating the CeAlO3 species, during the sol-gel 
preparation enhanced the OSC properties. It also exhibited the 
higher oxygen storage capacity than that prepared by the 
impregnation method on a commercial Al2O3. In situ XANES 
measurement showed that the Ni catalyst prepared by using the 
CeO2-Al2O3 xerogel had retained the higher reducibility of CeO2. 
Therefore, the CeO2-Al2O3 support prepared by the one-step sol-
gel method had the capability to be a high performance support in 
the Ni catalyst. 
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Abstract: Ruthenium-based catalysts have been found to be the effective catalysts for the catalytic of carbon monoxide hydrogenation. 
In this experiment, we investigated the effects of ruthenium loading on carbon monoxide hydrogenation. A series of supported 
ruthenium catalysts were prepared by conventional impregnation method. The reaction was performed at an atmospheric pressure and 
carried out at temperature of 220 qC. The reactant gas was consisted of hydrogen-carbon monoxide-argon. The flow rate of reactant 
gas was closed to 23 ml/min. The products were analyzed by gas chromatograph. Carbon monoxide chemisorptions, x-ray 
diffractometer were used to characterize the catalysts. The experiment results showed that carbon monoxide conversion was the 
highest for the catalyst contain 7 wt.% ruthenium loading. CH4 selectivity and olefin-to-paraffin ratio decreased with increasing 
ruthenium loading, on the other hand, C5+ selectivity increased with increasing ruthenium loading. 7 wt.% ruthenium loading has a 
metal size 9 nm, however the ruthenium metal was not detected in x-ray diffraction result. 
Keywords: Carbon monoxide hydrogenation; Ruthenium catalyst; CO chemisorptions; X-ray difractometer; Noble metal          1
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1. INTRODUCTION 
Coal conversion process is an important reaction to generate 
energy due to the abundant source of coals which is estimated 
three times larger than oil reserve. The issue of energy crisis has 
been attracted due to the lack of energy source and the research 
on the possibility to utilize coal as the source of energy has grown 
faster and wide. Carbon monoxide (CO) hydrogenation is 
recognized as an alternative way to convert the coal gasifies gas 
or natural gas into higher hydrocarbon [1, 2]. The noble metal 
catalysts are well-known for its high performance in catalytic 
reactions including in CO hydrogenation [3]. Ruthenium (Ru) is 
one of the most active metals for CO hydrogenation and has been 
considered for the production of long chain hydrocarbons [4,5]. 
Metal dispersion in a catalyst plays an important role in 
catalytic reaction [6]. However, high dispersion of metal may not 
be obtained due to the low ability of metal to disperse onto the 
support, preparation method, type of support, and etc. Ali. K et al 
investigated the reduction effects of ruthenium-promoted alumina 
supported cobalt (Co/Al2O3) catalyst in Fischer-Tropsch 
synthesis, they found that the different reduction will effects the 
products selectivity [7]. It has been pointed out in some papers 
that in CO hydrogenation reaction, the increasing of Ru 
dispersion in a catalyst decreased the methane formation and it 
was also found that the CO/H increased with the decreasing Ru 
crystallite size [8, 9]. It is usually suggested that the metal content 
in supported catalysts affects the catalytic activity or behavior of 
the catalysts. It is assumed that a high metal loading would 
increase the catalytic activity automatically, however, high metal 
content may result low metal dispersion, and this will decrease 
the catalytic activity. K. Murata et al investigated Fischer-Tropsch 
synthesis over supported ruthenium catalysts, the reactions were 
carried out in a slurry phase over supported ruthenium catalysts 
using hexadecane as a solvent. They found that the products 
were dependent on the oxide support, calcinations temperature, 
synthesis gas composition and sulfur content [10]. 
In this work, we prepared a series of ruthenium supported 
metal catalysts by the conventional impregnation method. To 
investigate the effects of ruthenium on carbon monoxide 
hydrogenation, we conducted the reaction on the lowest 
temperature and at an atmospheric pressure. 
2. EXPERIMENTAL DETAILS 
A. Catalysts Preparation 
A series of supported ruthenium catalysts (Ru/Al2O3 in wt.%) 
were prepared using conventional impregnation method. Gamma 
alumina powder (J-Al2O3) (Aldrich Chemicals, UK) was used as 
the support. The appropriate amount of an aqueous solution of 
ruthenium chloride hydrate (RuCl3xH2O) was impregnated into J-
Al2O3. Water used as the solvent. The metal loaded powder was 
evaporated at 80 qC and dried overnight in an oven at 60 qC. 
After drying, the solid was crushed, calcined at 375 qC for 4 hours 
using air as the calcining gas and reduced by hydrogen and 
nitrogen at 375 qC for 3.5 hours. The loading amount of Ru in the 
catalyst was 5 wt.%, 7 wt.%, and 10 wt.%. The catalysts were 
denoted as 5Ru/Al2O3, 7Ru/ Al2O3, and 10Ru/ Al2O3. 
B. Catalysts Characterizations 
The CO chemisorptions experiment for the determination of 
particle size was carried out by using BEL-CAT analyzer. In this 
characterization, 0.04 grams of catalyst was used and placed in a 
U-tube quartz reactor. Before adsorption of CO, the catalysts 
were preheated in He for 20 min at 300 oC, reduced for 60 min at 
300 oC in a H2/Ar gas flow and in He for 5 min at 310 oC in a 
reaction chamber. The samples were cooled down at 50 oC under 
He gas flow. Finally, particle size of Ru was determined from CO 
pulse data. The metal surface area and dispersion of metal was 
characterized by the pulse technique.  
X-ray diffraction (XRD) patterns were measured in a Rigaku, 
RINT 2000 diffractometer using Cu-Kα radiation and a scintillation 
detector. The crystallite size was obtained from the line width of 
the most intense reflections using the Scherrer equation.  
C. Catalytic Activity 
The CO hydrogenation was carried out at atmospheric 
pressure. The reactor used in this experiment was made of Pyrex 
glass. The reactor contained quartz wool onto which 0.1 grams 
catalyst was added. The reactor was externally heated by a 
furnace connected to the temperature controller. In-situ 
pretreatment of catalysts at 350 oC for 1 hour was done before 
each experiment. The reactant gas consisted of premixed 
hydrogen-carbon monoxide-argon, with a volumetric composition 
of 60.2%:29.8%:10%, respectively. The total gas flow rate over 
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the catalyst was closed to 23 ml/min. The reaction was performed 
at a temperature 220 oC. The products were analyzed by a gas 
chromatograph connected online. Porapak Q was used in the 
thermal conductivity detector (TCD) and Unipak S was used in 
the flame ionization detector (FID). 
3. RESULTS AND DISCUSSION 
To investigate the effect of Ru loading, the catalysts were 
tested at atmospheric pressure and temperature at 220 qC. This 
temperature is the lowest temperature for the reaction. Figure 1 
shows the CO conversions as a function of Ru loadings. It was 
found that the catalytic activity apparently dependent on the 
amount of Ru added in the catalyst.  
Fig.1. Effect of Ru Loading on CO Conversion 
Although the CO conversion of 5Ru/Al2O3 catalyst was 12.8%, 
the value of 7Ru/Al2O3 catalyst was 24%, however the CO 
conversion of 10Ru/Al2O3 catalyst was only 18.4%. According to 
Figure 1, the activity order was 7Ru/Al2O3 > 10Ru/Al2O3 > 
5Ru/Al2O3. The activity of supported ruthenium catalyst in CO 
hydrogenation depends solely on the number of active sites 
located on the surface of crystalline metal formed by reduction. 
The number of active sites is determined by the Ru particle size, 
loading amount, and reduction degree. 
The CO chemisorptions in Figure 2 shows the Ru crystalline 
size of Ru/Al2O3 catalysts, the particle size over 5Ru/Al2O3 and 
7Ru/Al2O3 catalysts were 7 and 9 nm respectively, whereas 
10Ru/Al2O3 catalyst showed about 15 nm particle size. This result 
indicates that higher metal loading favorite to form large particle 
size of supported Ru. It was considered that 10Ru/Al2O3 catalyst 
formed large Ru particle size and it might lead to lower Ru 
surface area, resulting in lower catalytic activity. In this 
experiment, high Ru loading did not contribute directly to the 
catalytic activity of Ru/Al2O3 catalyst. 
 
 
Fig.2. Metal Particle Size over Ru Loading 
Figure 3 shows the effect of Ru loading over Ru/Al2O3 
catalysts with products selectivity and olefin-to-paraffin ratio. The 
results showed 5Ru/Al2O3 catalyst exhibited lower CO 
conversion, C5+ selectivity and higher CH4 selectivity and olefin-
to-paraffin ratio than 7Ru/Al2O3 and 10Ru/Al2O3 catalysts. The 
CH4 selectivity and olefin-to-paraffin ratio decreased in the order 
of 5Ru/Al2O3 > 7Ru/Al2O3 > 10Ru/Al2O3. Olefin-to-paraffin ratio 
decreased with increasing Ru loading. On the other hand, C5+ 
selectivity decreased in order of 10Ru/Al2O3 > 7Ru/Al2O3 > 
5Ru/Al2O3. 
 
 
 
Fig.3. Product Selectivity over Ru Loading 
Figure 4 represents the reaction time dependence on CO 
conversion of Ru/Al2O3 catalysts with Ru loading for CO 
hydrogenation. In these experiments, 5Ru/Al2O3 and 7Ru/Al2O3 
catalysts showed high-steady state CO conversion with time on 
stream. Meanwhile, CO conversion of 10Ru/Al2O3 catalyst 
decreased gradually with time on stream. This condition 
corresponds to the catalyst deactivation. However, further 
investigation on 10Ru/Al2O3 catalyst deactivation was not 
investigated in this experiment. 
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Fig.4. CO Hydrogenation Results with Time Dependence of CO 
Conversion over the Catalysts 
 
Figures 5 and 6 show the reaction time dependence on CH4 
and C5+ selectivity over Ru/Al2O3 catalysts for CO hydrogenation 
at 220 qC. In the case of 10Ru/Al2O3 catalyst, it showed slightly 
increased in CH4 selectivity and decreased in C5+ selectivity with 
time on stream, but these conditions were not observed over 
5Ru/Al2O3 and 7Ru/Al2O3 catalysts. Olefin-to paraffin ratio time 
dependence is shown in Figure 7, based on the results obtained, 
olefin-to-paraffin ratio was not affected by time on stream.  
 
 
Fig.5. CO Hydrogenation Results with Time Dependence of CH4 
Selectivity over the Catalysts 
 
Fig.6. CO Hydrogenation Results with Time Dependence of CH5+ 
Selectivity over the Catalysts 
 
Fig.7. CO Hydrogenation Results with Time Dependence of Olefin-to-
Paraffin over the Catalysts 
Figure 8 shows the XRD patterns of J-Al2O3, 5Ru/ Al2O3, 
7Ru/ Al2O3, and 10Ru/ Al2O3 catalysts.J- Al2O3 shows as a 
reference sample in this study.  In this XRD patterns, all the 
catalysts showed similar diffraction peaks, however Ru species 
cannot be detected. It can be indicated that Ru species was 
highly dispersed on the catalyst surface [11]. 
 
Fig.8. X-ray Diffraction of the Catalysts 
4. CONCLUSIONS 
In this experiment, we conclude that in a catalyst system for 
CO hydrogenation, an appropriate loading of Ru and moderate 
Ru particle size is more active than high loading of Ru. The 
product selectivity changed with Ru content. 7Ru/Al2O3 catalysts 
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exhibited higher CO conversion. The result indicates that higher 
metal loading favorite to form large particle size of supported Ru. 
High Ru loading did not contribute directly to the catalytic activity 
of Ru/Al2O3 catalyst. 
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Abstract: Three types of supported catalysts were prepared and tested in methane oxidation. These catalysts were prepared by a 
conventional impregnation method. The kinetic parameters of methane oxidation over these catalysts are investigated at an 
atmospheric pressure and at a constant temperature 435 oC. The presence of a second metal (in this experiment was chromium) in the 
binary platinum-chromium catalyst improved the catalytic activity by activating more methane. Some reaction mechanisms of methane 
oxidation over binary platinum-chromium catalysts were proposed. 
Keywords: Reaction mechanisms, Kinetics of methane oxidation, Methane oxidation, Chromium catalyst, Platinum catalyst, Binary 
platinum-chromium catalyst.   
1
                                                        
e-mail: wiwitdiita@gmail.com 
1. INTRODUCTION 
Methane gas is one of a contributor to global warming and it 
has high potent to green house effect. Methane gas produces by 
natural sources, such as wetlands and gas hydrates, or by human 
activities such as fossil fuel production and biomass burning. 
Methane oxidation has attracted much attention because it 
provides clean technology, it is an alternative route for energy 
production, and it provides a means of removing hydrocarbons 
from exhaust gas engines [1]. However, methane gas is the most 
resistant to oxidation reaction, as its relatively higher 
temperatures required to carry on the oxidation process than 
other volatile organic compounds. This is the reason why 
methane gas has been chosen by many researchers as a model 
compound for catalytic oxidation studies. 
Complete oxidation or partial oxidation of methane can be 
performed over noble metals or transition metal oxides. Both 
catalysts have been extensively studied [2].  
Noble metals have been extensively studied about their 
catalytic activity, mechanism of combustion and deactivation. The 
main advantage of noble metals is their superior catalytic activity 
in low temperature combustion. However, they are expensive and 
limited in source. 
Among the noble metals, palladium (Pd) and platinum (Pt) are 
widely used and studied in catalytic methane oxidation. Oh et al 
have been studied the methane oxidation over alumina-supported 
noble metal catalysts with and without cerium additives. They 
found that, without cerium, Pd showed the highest activity among 
the Pt and Rh [3-4]. 
Metal oxides are also used in catalytic methane oxidation, 
even though they have lower activities than noble metals, but they 
are claimed to be more resistant to sulphur poisoning. Transition 
metal catalysts, such as copper oxide was found to be an efficient 
catalyst for total oxidation of methane with a selectivity of 100% to 
carbon dioxide and octahedrally coordinated Cu2+ ions are proved 
to be the active sites for methane combustion [5]. Pradier et al 
investigated four oxides for complete methane oxidation; they 
were MnO2, Cr2O3, Co3O4, and CuO. They concluded that carbon 
dioxide productivity in complete oxidation is determined by metal 
oxide-support interaction [6].  
As best of our reviews, there is no work on kinetics of binary 
platinum-chromium catalyst for methane oxidation, therefore we 
studied the methane oxidation over a platinum, chromium and 
binary platinum-chromium catalysts. The kinetic analyses of 
reaction rate were performed to study the oxidation mechanism of 
binary platinum-chromium catalyst and reaction orders with 
respect to methane and oxygen. 
2. EXPERIMENTAL DETAILS 
A. Catalysts Preparation 
A platinum/alumina catalyst (2.0 wt% Pt/Al2O3) was prepared 
by an impregnation method. The required amount of aqueous 
H2PtCl6 solution as Pt source was impregnated into alumina 
powder. After evaporation, the dried sample was calcined in an 
air stream at 400 qC for 3 h. A chromium/alumina catalyst (3.0 
wt% Cr/Al2O3) was prepared in the same way but using 
Cr(NO3)2.9H2O as metal source instead of H2PtCl6.  
Binary Pt-Cr catalyst contain 2.0 wt% Pt and 3.0 wt.% Cr  
(Cr/Pt/Al2O3) was prepared by step-wise impregnation method. 
The Pt/Al2O3 catalyst was immersed in aqueous solution of 
Cr(NO3)2.9H2O. After the drying and calcining process, 
Cr/Pt/Al2O3 catalyst was obtained.  
B. Catalytic Test 
The catalyst was pretreated by calcination in a stream of air at 
500 qC for 1 h to remove impurities and then cooled to room 
temperature. A 0.25 g catalyst was placed into a fixed-bed reactor 
and was externally heated by a furnace connected to the 
temperature controller. The total flow rate was 26 ml/min and the 
feed gas consisting of methane (CH4), oxygen (O2), and argon 
(Ar) was introduced to the reactor. The reaction temperature was 
measured by a thermocouple inserted in the catalyst bed and 
ranged from 300-500 qC. The reactant and product composition 
were analyzed with an on-line gas chromatograph equipped with 
a thermal conductivity detector (TCD). 
In the reaction rate measurements, the measurement was 
carried out at a constant temperature 435 qC under an 
atmospheric pressure. The feed gas consists of CH4, O2, and Ar. 
The ratio of CH4-to-O2 was varied within 0.1 - 0.25. In order to 
determine the reaction rates, the conversion of CH4 was 
controlled below 11%. 
3. RESULTS AND DISCUSSION 
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Products from methane oxidation were carbon dioxide and 
water and all the selectivity for carbon monoxide production can 
be considered negligible for all catalysts. The activities of the 
catalysts are shown in figure 1. Chromium addition to the 
platinum catalyst improved the catalytic activity in methane 
oxidation. The catalytic activity of Cr/Pt/Al2O3 catalyst had a 
higher conversion than the Pt/Al2O3 and Cr/Al2O3 catalyst. 
Fig.1. Methane conversion over alumina-supported catalysts 
 
The kinetic data were obtained by considering the power-law 
rate equation: 
r = k (PqHC)α (PqO2)E  
where Pqk is the partial pressure of reactant k in the feed. The α 
value was measured by varying the methane partial pressure 
between 0.058 and 0.145 atm at fix oxygen partial pressure (0.29 
atm). Similarly, reaction order E was obtained by varying the 
oxygen partial pressure between 0.19 and 0.5 atm while keeping 
the methane partial pressure at 0.054 atm. The ro values obtained 
on Pt/Al2O3, Cr/Al2O3 and Cr/Pt/Al2O3 catalysts were presented in 
logarithmic plots as function of PqCH4 and PqO2, respectively. 
Reaction order α and E was determined graphically from figures 2 
and 3. The reaction orders are given directly by the slope of those 
graphs and the data of reaction orders in relation to reactant 
partial pressures from different catalysts are listed in Table. 1. 
Table 1 Dependence of methane oxidation rate, r, on partial 
pressure of methane and oxygen 
Sample α # E # 
Pt/Al2O3 
Cr/Al2O3 
Cr/Pt/Al2O3 
0.54 
0.21 
0.82 
-0.05 
0.03 
0.025 
The following figures present the logarithmic plots as a 
function of PqCH4 and PqO2 for the catalysts.  
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Fig.3. Pressure dependence studies for oxidation of methane with 
methane over the catalysts 
 
The figures show the pressure-dependence reaction rates on 
partial pressure of CH4 and O2. For Pt/Al2O3 catalyst, by keeping 
oxygen partial pressure at 0.29 atm while varying methane partial 
pressure from 0.058 to 0.145 atm. The order with respect to 
methane (α) was 0.54, on the other hand, the reaction rate 
slightly decreased with an increase in oxygen partial pressure, 
yielding an order of -0.05 with respect to oxygen (E). Some 
authors [7, 8] have reported zero as well as positive order 
dependencies, other have observed negative orders in agreement 
with our result [9, 10]. The negative order (E # -0.05) for oxygen is 
due to strong adsorption of oxygen to the Pt sites. Hence, 
methane and oxygen adsorb competitively on Pt sites. For 
Cr/Al2O3 catalyst, the catalyst showed much smaller order kinetic 
with respect to methane with α around 0.21 and the exponent, E, 
for oxygen was around 0.03. For Cr/Pt/Al2O3 catalyst, the 
calculated value of reaction order corresponding to methane is 
nearly first order kinetic with α around 0.82 and the E order 
around 0.03. It is suggested that the incorporation of chromium 
and platinum reduces the ability of Cr/Pt/Al2O3 catalyst to adsorb 
oxygen and increases the ability to adsorb methane. 
It has been pointed out in many previous papers that the 
surface reaction between adsorbed methane and oxygen is 
involved in the oxidation of hydrocarbon on noble metal catalysts 
[11, 12]. The mechanism of methane combustion over supported Pt 
catalyst is also supposed through the surface reaction 
mechanism. However, there is no general agreement on the 
mechanism of catalytic oxidation reactions. Different mechanisms 
may have been proposed, depending on the catalyst and 
hydrocarbon use in the reaction. Because the rate equations and 
the reaction mechanisms for methane combustion over binary Cr-
Pt catalyst was not investigated in the past, therefore one of the 
objectives of this work was to obtain the reaction rate equations 
and to study the mechanisms on this catalyst. 
There are three possible ways for the mechanism proceeding 
on the surface of catalyst. They are: (a) Eley-Rideal mechanism, 
(b) Langmuir-Hinselwood mechanism, and (c) Mars-van Krevelen 
mechanism [13]. In the Eley-Rideal mechanism, the adsorbed 
species reacts directly with the second species, without adsorbing 
the second species. In the Langmuir-Hinselwood mechanism, two 
types of species are adsorbed onto the surface of catalyst, next 
both species are diffused and interacted to each other and the 
product formation occurs. In Mars-van Krevelen mechanism, 
oxygen does not only chemisorb on the surface of the catalyst, 
but it reacts with it to form a surface oxide. The carbon species to 
be oxidized adsorbs on the surface of the oxide, and oxidizes by 
extracting oxygen atoms from the oxide lattice, thereby reducing 
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Adsorption of an atom onto the surface Another atom comes, passes, 
and interacts with the atom on 
the surface 
A molecule is formed and 
desorbs from the surface 
Surface catalyst 
Adsorption of two atoms onto the 
surface 
The two atoms diffuse and interact 
each other when they are close 
   Surface catalyst 
Surface migration 
A molecule is formed and desorbs 
from the surface 
the metal oxide, which is subsequently re-oxidized by gaseous 
oxygen. These mechanisms are illustrated in the figure 4.  The 
mechanism on the surface of Pt and metal oxide catalyst could be 
follow the Langmuir-Hinselwood and Mars-van Krevelen 
mechanism. Because there is a switch from a Langmuir-
Hinselwood mechanism with reaction between adsorbed species 
at low oxygen pressure to a Mars-van Krevelen mechanism at 
high oxygen pressure. In this work, we obtained two kinetic rate 
expressions. The mechanism of total oxidation in this work is 
supposed to through the same mechanism obtained by the 
previous researchers [13, 14]. The mechanism is drawn as follow:  
(1) adsorption of oxygen 
(2) a dissociation of oxygen 
(3) a weak adsorption of methane 
(4) methane dissociation 
(5) interaction between methane and active oxygen forming 
(6) product desorption 
 
 
 
(a) 
 
 
(b) 
 
 
 
 
 
(c) 
 
Fig.4. Possible ways of mechanisms on the surface of catalyst 
through (a) Eley-Rideal; (b) Langmuir-Hinselwood; (c) Mars-van 
Krevelen mechanism 
 
The proposed mechanisms of combustion are drawn below: 
CH4  +  O2   Æ    CO2   + H2O 
1) O2  +  V    Æ   O2-V 
2) O2-V  + V     Æ   2O-V 
3) CH4  + V     Æ   CH4-V 
4) CH4-V + O-V   Æ   CH3-V + OH-V (rate-limiting step) 
5) CH3-V + 4O-V     Æ    CO-V + 3OH-V + V 
6) CH3-V + 5O-V   Æ    CO2-V + 3OH-V + 2V 
7) 2OH-V   Æ   H2O + O-V + V 
8) CO2-V   Æ    CO2 + V 
 
A simplified rate expression for the fuel-lean oxidation of methane 
on Cr/Pt/Al2O3 catalyst is obtained: 
 
    (6) 
 
 
The rate expression indicates the existence of first-order reaction 
to methane, n-order to oxygen and the reaction rate largely 
depend on the oxygen partial pressure. 
The second type of rate expression is derived on the basis of the 
abundant amount of hydroxyl groups. When the hydroxyl groups 
are assumed to be the most abundant species, the initial rate 
expression become:  
 
        
 
In this rate expression, the orders respect to methane and oxygen 
predicted by equation are 1 and 0, respectively, which are close 
to the approximate orders determined from the experiments (α # 
0.82 and E # 0.03 for methane and oxygen, respectively). It is 
apparent that this equation satisfies most of the relationships 
between reaction rates and partial pressures shown in figures 2 
and 3. It is seen that the mechanism proposed by Au-Yeung et al. 
[14], with assumption that the abundant species is the hydroxyl 
groups, is applicable to express the rate reaction that is obtained 
in this work. 
    
 
4. CONCLUSIONS 
We investigated the effect of chromium addition to alumina-
supported Pt (Pt/Al2O3) catalysts on theirs catalytic activity in 
methane combustion. The Pt and Cr binary catalysts supported 
on alumina exhibited much higher activity than the Pt/Al2O3 
catalyst in the reaction. The reaction rates over binary Pt-Cr 
catalysts largely depend on methane partial pressure. 
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Synthesis of Epoxy Compound from Corn Oil as Intermediate for 
Biolubricant 
M. Riska J.P., M. Said* , Anindya Fatmadini and M. Faizal 
Chemical Engineering, Faculty of Engineering, Universitas Sriwijaya Indralaya, Indonesia 
 
Abstract: Biolubricant is used for automotives and heavy equipments since it is degradable, renewable and environmental friendly 
compared with the lubricant derived from mineral oil. Due to numerous consumption of the lubricant, the biolubricant is significant as 
an alternatives as the lubricant.  Epoxy compound as an intermediate for the biolubricant was synthesized from corn oil in a stirred 
reactor equipped with regulating heating mantle. The epoxydation reaction is consequtive reaction of acetic acid and hydrogen 
peroxide with sulphuric acid as catalyst resulting paracetic acid as intermediate. Triglyceride contained in the corn oil is reacted with 
the paracetic acid to form the epoxy compound. The reaction proceeds in the temperature of 60 oC with variation of reaction time from 
30 minutes to 180 minutes with 30 minute interval.   The epoxydation reaction is repeated at 70 oC and 80 oC. The oxyrane number of 
the epoxy compound is determined for each reaction time interval and temperature, and reaction conversion is calculated. The 
experimental results showed that the epoxy compound had density range of 0.864 to 0.970 gr/ml, viscosity index of 155.34 to 183.13 
cst, acid number of 0.718 to 2.086 mg NaOH/g oil, oxyrane number of 7.426 to 11.817 %/100 mg. The highest conversion of 83 
percent was achieved at 60 oC and 150 minutes. The highest reaction rate constant, k = 0.308 mole/ml min was achieved at 60oC, 
while k = 0.242 mole/ml min and k = 0.246 mole/ml min were obtained at 70oC and 80oC, respectively. 
Keywords: biolubricant, epoxy compound, epoxydation reaction, oxyrane number, conversion, reaction rate constant.      1 
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1. INTRODUCTION 
 Due to increasing development of industrial and 
transportation equipments in modern area and the operation of 
the equipments increase consumption of lubricants for the 
equipments and automotives. The lubricants are essential liquid 
for the machinery to protect the engine parts from wear and tear.  
 Industrial Marketing Specialist of PT. Pertamina Lubricant Oil 
stated that the total consuption of the lubricants in Indonesia 
achieved 650 million litres annually, while GM Marketiing and PR 
Diision of PT. Wiraswasta Gemilang Indonesia explained that 
utilization of lubricants for the automotives reached 300 million 
litres per annum. Production of oil-based lubricants in Indonesia 
reached 2,836,000 barrel in 2008 and it increased to 2,988,000 
barrel in 2012 (BPS Indonesia, 2008 – 2012). 
 Oil resource in Indonesia has decreased so that the 
production of the oil-based lubricants becomes limited. Moreover 
the utilization of the oil-based lubricants provide negative impact 
to environment due to the carbon gas emission, while utilization 
of chemicals as raw materials for the lubrication production 
results in environmental pollution due to non degradable 
materials. The limitation of the raw material feed stocks for the 
lubricants, as well as, the environmental pollution problem can be 
overcome by using the alternative resources of the raw materilas 
for the lubricant production to substitute the oil-based raw 
material and chemical-base raw materials. Vegetable oils such as 
palm oil and corn oil are suitable for the raw materials for 
pruduction of the lubricants. The corn oil is produced by 
extraction of oil from the corn seeds. So far, the corn seeds are 
used for production of powder and animals foods of 76.5 % of 
corn seeds annually and the rest is used for other uses such as 
the corn oil.  
 Corn oil is a triglyceride composed by glycerol and fatty 
acids. The percentage of triglyceride is approximately 98.6%, 
while the rest is non-oil materials, such as ash, water, dye or 
paraffin. The fatty acids composing the corn oil consist of 
saturated fatty acids and unsaturated fatty acids (Ketaren, 1986). 
The amount of saturated fatty acids in the corn oil is 13.1 percent. 
Group of saturated fatty acids composing triglyceride of corn oil is 
palmitic acid (8.1 %), stearic acid (4.9 %) and miristic acid (0.1 %) 
while that of unsaturated fatty acids with the amount of 86.9 
percent composing triglyceride of corn oil consista of oleic acid 
(30.1 %) and linoleic acid (56.8) (Data Center and Information of 
Department of Industry, 2007). 
 Synthesis of vegetable lubricant begins with the epoxydation 
reaction. Epoxydation reaction is a reaction of organic peroxy 
acids with double bonds to form oxyrane compounds or a 
reaction in which the unsaturated hydrocarbon compound is 
converted into cyclic ester (Nasution, S., 2009). 
 In general, oil epoxydation uses hydrogen peroxide as 
reagents. The nature of hydrogen peroxide as the oxidizing agent 
is not quite strong so that it is transformed into a more active form 
(peroxyacids) (Allundaru & Sitio, 2010). Peroxyacids formed from 
the reaction of hydrogen peroxide with a lower aliphatic acid 
(formic acid and acetic acid) is a reactive form (Swern D., et al, 
1945). Peroxy acids can react very quickly with unsaturated 
compounds. It will form dihydroxy compound and formic acid 
when it reacts with water (Allundaru & Sitio, 2010). 
 Epoxydation reaction is an exothermic reaction and is usually 
aided by an acid catalyst to accelerate the reaction time. To 
prevent uncontrolled exothermic reaction and to optimize the 
epoxydation, the peroxide solution is added gradually with 
stirring, and maintaining the temperature of the reaction. Because 
epoxydation reaction is reversible and there is a possibility of side 
reaction, epoxydation is carried out to occur at low temperatures 
and a short time (Kirk-Othmer, vol.9, 251, 2004) 
2. EXPERIMENTAL DETAILS 
The method used was experimental which was performed to 
obtain epoxy compound from corn oil through epoxydation 
process. The stages of research in the formation of epoxy 
compound included analysis of raw materials (density, kinematic 
viscosity, viscosity index, oxyrane number, acid number, and 
iodine number), epoxydation process, neutralization, washing, 
separation and analysis of epoxy compound (density, kinematic 
viscosity, viscosity index, oxyrane number and acid number). This 
research was conducted at the Laboratory of Analysis and 
Instrumentation Department of Chemical Engineering Faculty of 
Engineering, Sriwijaya University. 
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 The independent variables in this research were the 
temperature of 60°C, 70°C and 80°C, and the reaction time of 30 
minutes, 60 minutes, 90 minutes, 120 minutes, 150 minutes and 
180 minutes. The equipments used in this research were a series 
of three-neck flask, hot plate, magnetic stirrer, the stand, clamp, 
condenser, circulating pump, and thermometer. Other appratuses 
used in the reasearch were burette, separating funnel, pH meter, 
pycnometer, Cannon Fenske Routine viscometer of type 200, 
beakers, erlenmeyer, beaker glass, drop pipette, suction bulb, 
volume pipette and flask. While the materials used in the 
research were corn oil, hydrogen peroxide 30%,  glacial acetic 
acid 99%,  sulfuric acid 2%, sodium hydrogen carbonate, distilled 
water, crystal violet indicator, penolphtalein indicator 1%, ethanol, 
HBr 0.1 N and N NaOH 0.1. 
 Synthesis of the epoxy compound was carried out as follows: 
200 ml of corn oil and 40 ml of  acetic acid 99% (20% of the total 
weight of the corn oil) were placed in a three-neck flask that had 
been equipped with condenser, magnetic stirrer and hot plate. 
The mixture was heated to a temperature variation of 60°C, 70°C 
and 80°C. Then a mixture of H2O2 30% with the amount of 130 ml 
(65% of the weight of the corn oil) and  sulfuric acid 2% with the 
amount of 9.4 ml (2% of the total mixture) was added drop by 
drop into the mixture of corn oil and acetic acid during variation of 
reaction time of 30 minutes, 60 minutes, 90 minutes, 120 
minutes, 150 minutes and 180 minutes. Once the reaction was 
complete, the mixture was cooled. The reaction products were 
then neutralized to remove the residual acids using a saturated 
solution of NaHCO3. NaHCO3 was diluted with approximately 100 
ml of distilled water and stirred until homogen. The mixture was 
then fed into a separating funnel which contained the reaction 
products, then shaken with occasional gas released therein. 
Neutralization and washing were carried out until the pH of the 
reaction product was neutral. The mixture was then allowed to 
settle for 30 minutes to separate the epoxy compound, water, and 
other compounds such as CH3COONa. 
3. RESULTS AND DISCUSSION 
Epoxydation reaction was carried out with variation of 
temperature of 60°C, 70°C and 80°C and reaction time of 30 
minutes to 180 minutes with the interval of 30 minutes. The 
formation of epoxy compound was characterized by the increase 
in the oxyrane number. The greater the number oxyrane, the 
greater the conversion of the resulting epoxy compound. The 
experimental results of the oxyrane number of the epoxy 
compounds was shown in Table 1. 
Table 1. The Oxyrane Number of Epoxy Compounds 
Times 
t (menit) 
Oxyrane Number (% / 100 mg) 
60°C 70°C 80°C 
30 7,4255 8,0492 8,0891 
60 7,5675 8,8011 8,6056 
90 9,3365 9,1654 9,4361 
120 9,9393 10,3137 10,1537 
150 11,8168 10,1412 9,7709 
180 11,1522 8,0080 8,8494 
The relationship between oxyrane number to temperature and 
reaction time is shown in Figure 1. 
 
 
 
 
 
 
 
 
Fig. 1. The relation between oxyrane number and 
reaction time at temperature of 60oC, 70oC dan 80oC 
As shown in Figure 1, the oxyrane number of epoxy compound to 
70°C temperature condition tends to increase at a temperature of 
80°C, but at a temperature of 60°C it reached a greater oxyrane 
number than a temperature of 70°C and 80°C. This is due to the 
operating temperature that exceeds the reaction temperature of 
60°C causes the triglyceride in corn oil degraded so that the 
formation of epoxy compound is not optimal. The graph above 
also shows that the longer the reaction time of the epoxydation, 
the greater the oxyrane number that shows the formed epoxy 
compound. Data of oxyrane number is directly proportional to the 
conversion of epoxy compound as shown in Table 2. 
Table 2. Conversion of Epoxy Compounds at Temperature of 
60oC, 70oC, 80oC 
Times 
t (min) 
Conversion (X) 
60°C 70°C 80°C 
30 0,5199 0,5635 0,5663 
60 0,5298 0,6162 0,6025 
90 0,6536 0,6417 0,6606 
120 0,6958 0,7221 0,7109 
150 0,8273 0,7080 0,6841 
180 0,7808 0,5606 0,6195 
The relationship between temperature and reaction time to 
the conversion is shown in Figure 2. 
 
 
 
 
 
 
 
 
Fig. 2. The relation between conversion and reaction time at temperature 
of 60oC, 70oC dan 80oC 
 As shown in Figure 2, the smallest conversion generated 
when the reaction is run at a temperature of 60°C and at a 
reaction time of 30 minutes is equal to 0.5199. As for the greatest 
conversion generated when the reaction is run at a temperature 
of 60°C with a reaction time of 150 minutes is equal to 0.8273. At 
the same temperature, the smaller the conversion of epoxy 
compound in the reaction time of 30 minutes compared to the 
conversion of epoxy compound in the reaction time of 120 
minutes is caused by the short reaction time, so that the contact 
time between reactants is too fast.  
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 The constant value of the reaction rate can be determined by 
the slope of linear line ln (1/(1-x)) to the time, t. The constant 
value of the reaction rate (k’) at temperature 60oC, 70oC and 80oC 
is 0.308, 0.242, and 0.246 mole/ml min. The highest reaction rate, 
k = 0.308 mole/ml min is achieved at temperature of 60 oC along 
with the highest conversion. 
 
CONCLUSIONS 
 At a temperature condition of 60°C found the highest 
conversion compared to other temperature variables in the 
formation reaction of epoxy compound made from corn oil. The 
longer the reaction time in the epoxydation reaction, the greater 
the conversion of the resulting epoxy compound. The formation of 
epoxy compound is characterized by the increased value of 
oxyrane number. The greater the oxyrane number, the greater 
the conversion of the resulting epoxy compound. The conversion 
of the greatest epoxy compound is 0.8273 at T = 60°C and t = 
150 minutes. The greatest constant value of kinetic reaction is 
obtained at a temperature of 60°C, which is equal to 0.308 mol/ml 
min 
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Influence of Hydrolysis Temperature and NAOH’s Concentration to 
Make Oxalic Acid from Water Hyacinth 
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Abstarct : The purpose of this research is to study making oxalic acid from water hyacinth that be influenced by hydrolysis temperature 
and concentration of NaOH. The method of making oxalic acid in this research is hydrolyzing water hyacinth with solution of NaOH. 
Oxalic acid’s making process is started by heating the mixture of NaOH solution and water hyacint for 75 minutes. The variable that is 
used is hydrolysis temperature (20oC, 40oC, 60oC, 80oC and 100oC) and  concentration of NaOH(1M, 2M, 3M, 4M and 5M). Then, 
oxalic acid that was synthesized is analyzed by Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM), 
melting point apparatus and ph meter. The melting temperature and pH of oxalic acid respectively are 104oC and  1. From this 
research we obtained the highest yield of oxalic acid is 30.8480 % at temperature 60oC and 4M concentration of NaOH. The higher 
hydrolysis temperature and concentration of NaOH that is used will be increasing the yield of oxalic acid  but after reaching optimum 
condition (at 60oC and 4M NaOH) the yield of oxalic acid will be decreasing. It proves that hydrolysis temperature and concentration of 
NaOH is influenced. 
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1. INTRODUCTION 
Oxalic acid is a chemical compound found in many vegetable 
and animal materials. Oxalic acid can be produced from raw 
materials containing cellulose, such as those in the water 
hyacinth plant. Water hyacinth are plants that live floating in 
various waters. Water hyacinth grows rapidly thus causing the 
water hyacinth is considered plants the weed in several 
Indonesian waters.  
Based on the existing content in the water hyacinth, it is 
known that the water hyacinth has a cellulose content which is 
quite a lot. Therefore, to reduce the water hyacinth plant 
untapped, research need on the manufacture of oxalic acid with 
the main ingredient of water hyacinth and the factors that 
influence the amount of oxalic acid produced.  
Tabel 1. Lignocellulosic components of water hyacinth [2] 
Lignocellulosic 
component 
Persentage 
(%) 
Cellulosic 60 
Hemiscellulosic 8 
Lignin 17 
Oxalid Acid 
Physical properties of which oxalic acid anhydrous crystal 
structures, odorless, hygroscopic and white color. Oxalic acid is a 
chemical compound having the formula H2C2O4 with systematic 
name etanadioat acid. The simplest dicarboxylic acid is 
commonly described by the formula HOOC-COOH which its C 
atoms capable of binding more than one hydroxyl groups. 
Manufacturing of Oxalic Acid with Alkaline Hydrolysis 
Method 
Alkaline hydrolysis process to can use a caustic soda solution 
or calcium hydroxide. According in [3], the stages of manufacture 
of oxalic acid to alkaline hydrolysis process were as follows: 
 
1)   Stage of hydrolysis 
At this stage of hydrolysis occurred smelting between raw 
material containing cellulose with NaOH solution.  
2) Stage of Sedimentation and Filtration 
At the stage of sedimentation and filtration, the filtrate 
obtained from remelting added CaCl2 and then filtered to obtain 
sedimentation calcium oxalate.  
3) Stage of The acidification 
At the stage of acidification, sedimentation calcium oxalate 
was obtained and then acidified with sulfuric acid to produce 
oxalic acid.  
4) Stage of Crystallization 
At the stage of crystallization, filtrate was concentrated by 
heating the continued cooling of oxalic acid crystals in order to 
form. 
2. RESEARCH METHODOLOGY 
The tools that used in this study is a blender, knives and 
cutting boards, spoons, basin, sieve 45 mesh, a set of tools three-
neck flask, beakers, volumetric flask, pipette, magnetic stirrer, hot 
plate, thermometer, beaker glass, erlemeyer , analytical balance, 
stem mixers, spatulas, digital burettes, mortal and pastle, vacuum 
pump, Buchner funnel, erlemeyer Buchner, oven, universal pH, 
Fourier Transform Infrared Spectroscopy (FTIR), Melting 
Apparatus, scanning electron microscope (SEM). 
The materials used in this study is the water hyacinth, H2SO4 
(2M, 1N, 2N, 72%), NaOH (1M, 2M, 3M, 4M, 5M), CaCl2 (10%), 
KMnO4, aquadest, filter paper and aluminum foil . 
Process Description 
Preparation of raw materials is: 
1) Stem Water Hyacinth cut into small pieces to facilitate process 
of removal of water content. 
2) The results of the water hyacinth stem pieces aerated by 
drying it in the sun to remove the water content contained in 
the water hyacinth stem. 
3) Pieces stem water hyacinth has dried up the blender until 
smooth like powder. 
4) The water hyacinth powder sieved using a 45 mesh sieve. 
Manufacture of Oxalic acid is: 
1) Powder hyacinth weighed on analytical balance so as to 
produce powder weight as much as 15 grams of water 
hyacinth.
2) Powder as much as 15 grams of water hyacinth introduced 
slowly with a spoon into a three-neck flask apparatus. 
3) In the three-neck flask apparatus also put 250 ml of NaOH 
solution with a predetermined concentration (1M, 2M, 3M, 4M, 
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5M) and then heated at a temperature of 20oC hydrolysis and 
stirred using a magnetic stirrer at 300 rpm for 75 minutes. 
4) Samples were removed from three neck flask allowed to stand 
a little while until cool and then filtered with filter paper which 
is connected to a vacuum device. 
5) The sediment was washed with hot aquadest ± 150 ml and 
then filtered again. 
6) The results of leaching filtrate were then mixed with the filtrate 
sieving results into a glass beaker until a volume of 400 ml of 
mother liquor. 
7) The mother liquor was taken as much as 25 ml and added 
with CaCl2 10% solution of 250 ml to form of sediment then 
filtered again. 
8) The sedimention filtering results is dissolved with 2M H2SO4 
solution of 100 ml that will be formed by 2-phase of solution is 
a mixture of liquid oxalic acid and sediment calcium sulfate 
then filtered again. 
9) The filtrate liquid form oxalic acid was taken 25 ml and then 
inserted into erlemeyer and heated to 70°C. 
10) The procedure 1-9 is repeated again with different hydrolysis 
temperature (40oC, 60oC, 80oC, 100oC). 
Crystallization of oxalic acid is: 
1) The filtrate was heated crystallized in an ice cube for 48 hours 
until a sedimention is formed of white crystals. 
2) The sedimention filtering results is filtered so as to produce 
powder oxalic acid crystals and then be aerated until crystals 
of oxalic acid powder dry. 
Analysis of The Results Process 
A. Analysis of Cellulose in Water Hyacinth 
The method used is the analysis method advanced by Datta 
Chesson, 1981 in [4]. Analytical procedures cellulose were: 
1) Powder hyacinth as much as 1 gram (weight a) was added to 
the glass beaker and then added 150 mL of distilled water and 
heated to a temperature of about 90-100oC for 1 hour then 
filtered result. 
2) The residue filtering results washed with hot aquadest of 300 
mL and then filtered again. 
3) The residue was oven-dried at a temperature of about 105oC 
until the residue to dry and then weighed (weight b). 
4) The residue was added 150 ml of 1N H2SO4 and then 
reheated for 1 hour at temperatures of about 90-100oC. 
5) Once heated, the result was washed with aquadest of 300 mL 
and then filtered again. 
6) Once filtered, the residue was oven-dried at a temperature of 
about 105oC to constant weight and then weighed (weight c). 
7) The residue was added to of solution 72% H2SO4 as much as 
10 mL and was soaked at room temperature for 4 hours. 
8) After soaking, added 150 ml of 1N H2SO4 and heat for 1 hour 
at temperatures of about then filtered 90-100oC. 
9) The residue washed with aquadest filtering results of 400 mL 
and then heated in an oven at a temperature of about 105oC 
until its weight is constant and weighed (weight d). 
Based on [4] , cellulose content calculation using the following 
formula: 
 Cellulose Content  =  ௖ିௗ௔  x 100%   (1) 
B. Quantitative Analysis 
Quantitative analysis consists of two analysis were:  
a) Analysis % the Result of Oxalic Acid  
According in [5], analysis% yield of oxalic acid can be 
calculated using the following formula: 
% the result of oxalic acid = 
୫ୟୱୱ୭୤୭୶ୟ୪୧ୡୟୡ୧ୢ୮୰୭ୢ୳ୡୣୢ
୫ୟୱୱୟ୭୤ୱୟ୫୮୪ୣ୳ୱୣୢ  x 100%  (2) 
Mass of sample used =  
୴୭୪୳୫ୣ୭୤ୱୟ୫୮୪ୣ୳ୱୣୢ
୴୭୪୳୫ୣ୭୤୫୭୲୦ୣ୰୪୧୯୳୭୰ x mass of raw material  (3) 
b) Analysis of Oxalic Acid Content 
Based on [6] analysis procedures oxalic acid content is: 
1) oxalic acid powder weighed 0.25 grams and was added to 
300 ml Erlenmeyer flask. 
2) Powder oxalic acids was dissolved in 30 ml aquadest. 
3) After the oxalic acids dissolved, add 2 N H2SO4 3 ml and heat 
until temperature reaches a 70°C. 
4) Once heated, the mixture titration using the indicator 0.1 N 
KMnO4 of solution 
Based on [6] oxalic acid content can be calculated using the 
following formula: 
௠௟௄ெ௡ைర௫ேǤ௄ெ௡ைర
௠௚୭୤ୱୟ୫୮୪ୣ  x 100%   (4) 
C. Qualitative Analysis 
Qualitative analysis consists of four analysis is:  
a) Analysis of Functional Groups 
The equipment used for the analysis of functional groups 
is Fourier Transform Infra Red (FTIR). The procedure analysis of 
functional groups is: 
1) First, all of the equipment and material used were prepared. 
2) After that, all the equipments were cleaned before it is used 
so there was no contaminated. 
3) The KBr solid was weighed as much as 200 mg using an 
analytical balance. 
4) The KBr solid and oxalic acid crystals samples were grinded 
together so thoroughly blended. 
5) The Pellet of  material mixture was made by using a press 
machine and pre-vacuum for 2-3 minutes. 
6) The Pellet was pressed with a hydraulic pump and then the 
hydraulic pump was set 80 KN of pressure for 5 minutes. 
7) The process of vacuum and suppression was stopped and 
then the sample of pellet was taken by pushing it with 
hydraulic pumps. 
8) The finished pellet was placed in the sample holder and then 
the sample holder was placed in the light track of FTIR 
instrument. 
9) From IR spectrum has been resulted, the functional groups 
contained in the oxalic acid compound would be seen by 
seeing the patterns absorption resulted and comparing the 
value of frequencies obtained with standard data.  
b) Analysis of pH 
The equipment used in the analysis of pH is pH universal. 
According in [7] pH analysis procedure is: 
1) Oxalic acid was weighed as much as 1 gram. 
2) After that, oxalic acid was dissolved in 100 ml of aquadest. 
3) Then, the pH paper was put into a solution of oxalic acid. 
4) The pH paper was drawn and the pH paper was waited to 
dried. 
5) The pH paper that has dried then it was seen the color 
change in the pH paper. 
6) The pH paper that has been used was matched by universal 
pH. 
c)   Analysis of Melting Point 
According in [8] melting point analysis procedures is: 
1) Melting point apparatus was turned on and then melting point 
menu was selected by rotaring the knop. 
2) After the method menu is pressed and selected the edit menu. 
3) In the edit menu, 103˚C of temperature value was entered by 
rotating the knop. 
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4) Then the next menu was pressed and 106˚C of temperature’s 
stop value was entered by rotating the knop and the next 
button was pressed. 
5) Gradian temperature value or temperature increase of 
1˚C/min was entered by rotating the knop then save button 
was pressed. 
6) The sample was taken as much as 1 g and it was put into the 
capillary tube. 
7) The capillary tube that containing the sample was put in the 
melting point apparatus and it was observed the change 
obtained . 
8) The stop button was pressed when all sample have been 
melted. 
d)Analysis of Scanning Electron Microscope (SEM) 
The procedure using SEM equipment is: 
1) The sample was taken as much as a spatula and then it was 
placed in the sample holder. 
2) The sample holder that containing the sample was placed in 
Scanning SEM. 
3) The microscope was focused at a sample and enlargement 
was set using a computer monitor. 
4) The image was printed suitable with desirable enlargement. 
3. RESULTS AND DISCUSSION 
Analysis of Cellulose  
Oxalic acid was formed from the main material containing 
cellulose. Cellulose which were contained in the main material 
can significantly affect to the amount of oxalic acid produced. The 
main material was used in the process manufacturing of oxalic 
acid in this study is the water hyacinth. Cellulose content of the 
water hyacinth can be determined by using the method of 
Chesson analysis [4]. From the results of calculation was known 
that water hyacinth used in this study contained 57.93% of 
cellulose. This shown that the water hyacinth contained quite a lot 
of cellulose. Cellulose content which would generate a lot of 
oxalic acid too [9]. 
Influence of temperature Hydrolysis and Concentration of 
NaOH 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The relation between the Influence of temperature Hydrolysis 
and Concentration of  NaOH to % yields of Oxalic Acid 
According to Figure. 1 can be seen the relation between 
temperature hydrolysis and concentration of NaOH to % yield of 
oxalic acid. Temperature hydrolysis was increasing can make 
influence to %  yield of oxalic acid, if the higher temperature 
hydrolysis used can produce more oxalic acid, but after it was 
reaching the optimum conditions, oxalic acid produced would be 
decreasing. It can be seen from Figure 1 that % yield oxalic acid 
would be increasing at range of temperatures from 20 oC, 40 oC 
and 60 oC (the optimum condition) and then it decreased at a 
temperature 80 °C and 100 °C. Temperature that was increasing 
would be causing the reagent molecules moved faster and these 
molecules collided each other. The number of molecules that 
collided would be increasing oxalic acid. However, the high 
temperature would decomposed oxalic acid into formic acid and 
carbon dioxide [10]. It was occured because the oxalic acid formed 
from the hydrolysis process by using alkaline catalysts were 
sensitive to high temperature. 
In Figure 1 shown that the addition of NaOH concentration 
had influence to % yield oxalic acid. The higher concentration of 
NaOH made more oxalic acid, but after it was reaching the 
optimum conditions, the oxalic acid produced will be decreasing. 
In this study,% yield oxalic acid increased from concentration of 
1M, 2M, 3M and 4M (the optimum conditions) and then it 
decreased at a concentration of 5M. According to research in [9] 
high concentration of NaOH made more cellulose were melted so 
it could be increasing the yield of oxalic acid. High concentrated 
solution had more molecules so it can be making  easier to collide 
compared than small concentrated solution that had few 
molecules. However, the high concentration of NaOH made the 
other components contained in the water hyacinth as 
hemicellulose would be reacted. It was happened because the 
hemicellulose was insoluble in concentrated alkaline solutions. 
Hydrolysis rection of cellulose was slow because the 
hemicellulose was less reactive than the cellulose. Therefore, 
yield of oxalic acid was descreasing. 
 
 
 
The comparison of The Oxalic Acid Synthesis and The Oxalic 
Acid Synthesis 
Table 2. Characteristics of The Oxalic Acid synthesis 
No. Characteristics The Oxalic 
Acid 
Synthesis 
1 pH 1 (10gr/l H2O, 
20oC) 
2 Melting Point  104 oC 
3 Oxalic acid 
content 
99,59 % 
Table 3. Characteristics of The Oxalic Acid Standards 
No Characteristics The Oxalic 
Acid Standard 
1 pH [7] 1 (10gr/l H2O, 
20oC) 
2 (Melting Point) [7]  101,5 oC 
3 Oxalic acid 
content[6] 
Min 99,4% 
Based on table 2, it could be seen 1 of pH of oxalic acid 
synthesis, while based on Table 3, pH standard oxalic acid was 1. 
This indicates that the oxalic acid of water hyacinth as good as 
oxalic acid standard. Based on the analysis of melting point in 
Table 2 and 3, it was found that 104 °C of the melting point of 
oxalic acid synthesis while the oxalic acid standard was 101.5 °C. 
This indicates that there was little difference between the melting 
point of oxalic acid synthesis  and oxalic acid standard. This 
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difference was occured because of the oxalic acid synthesis had 
the other compound. 
In the analysis of the oxalic acid content was used KMnO4 
solution as a titration indicator. The KMnO4 solution was dripped 
into the sample oxalic acid until the sample of oxalic acid had 
color changes to steady pink color then the titration was stopped. 
The color change happened to indicate that the sample had 
achieved the equivalent point in the titration. Volume KMnO4 used 
to titrate the sample was 19.76 ml and after quantitative analysis 
of the oxalic acid synthesis content was obtained 99.59%. Based 
on  [6], oxalic acid synthesis had exceeded the minimum content 
of oxalic acid standard. In three characteristic of oxalic acid 
above, oxalic acid synthesis showed that the characteristics as 
good as the standard of oxalic acid. 
Analysis of Oxalic Acid by FTIR 
Based on Figure. 2 could be seen that there was functional 
groups at a wavelength of 3422.06 cm-1, 1685.48 cm-1and 
1123.33 cm-1. While figure. 3 it could be seen that there was  
functional groups at a wavelength of 3395.01 cm-1, 1618.82 cm-
1and 1104.48 cm-1. Based on the correlation table in [11] , the 
functional groups are in the range 3200-3700 cm-1 is a hydroxyl 
functional group (OH). In figure 3 the oxalic acid synthesis wa 
shown at a wavelength of 3395.01 cm-1 whereas in figure 3 
standard oxalic acid wa 3422.06 cm-1. From Figure 3, the 
wavelength of 1618.82 cm-1 which was characterized in oxalic 
acid synthesis was included into  C = O the functional group  with 
a range of functional groups C = O was 1540 to 1870 cm-1 and 
based on Figure. 2 it can be shown that oxalic acid standard 
wavelength of C=O was 1685.48 cm-1. The C-O functional groups 
in the oxalic acid synthesis was characterized at wavelength of 
1104.48 cm-1 and for the oxalic acid standard was 1123.33/ 
1265.07 cm-1. Group C-O had a wavelength in the range of 1100-
1300 cm-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. FTIR Characteristics of Oxalic Acid Standard (Source: Iriany, et 
al 2015) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. FTIR Characteristics of Oxalic Acid Synthesis 
Wavelength of oxalic acid synthesis and oxalic acid standard 
had a peak that was not much different beside that the oxalic acid 
synthesis had three main functional groups OH, C = O and C-O. 
All of three groups were in the structure of the oxalic acid 
standard, which proved that the resulting product of this research 
was oxalic acid, but it was not pure. This was caused the 
impurities in the synthesis of oxalic acid which can be seen with 
the other peaks in Figure 3. 
Oxalic Acid Analysis with SEM 
SEM analysis in oxalic acid was done with two times 
enlargement, the first of 100 x enlargement and the second 
enlargement was 1500 x. The first enlargement was done to see 
whole oxalic acid crystals. In Figure. 4, it can be seen that the 
oxalic acid being analyzed there is no uniformity of shape. This 
occured because the impurity components that had  irregularly 
shaped in a sample of oxalic acid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. 100x of enlargement 
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Figure 5. 1500x of enlargement 
Based on Figure. 4 The form of oxalic acid had not been 
clearly so it taken  closer 1500 x of enlargement which can be 
seen in Figure 5. Based on Figure. 5, the form of oxalic acid more 
obvious, it was crystals that each tapered like a pinprick. This was 
like as research in reference [7], which states that the oxalic acid 
shaped needles crystals 
4.  CONCLUSION 
1) The temperature of hydrolysis was too high would made 
oxalic acid decomposed, so the yield of oxalic acid reduced. 
The optimum temperature in manufacturing of oxalic acid in 
this study was 60 °C. 
2) The concentrated concentration of NaOH made more the yield 
of oxalic acid , but after it was reaching the optimum 
conditions, the yield of oxalic acid was reduced. The 
concentration of NaOH that made a lot of oxalic acid in this 
study was 4M. 
3) Based on some analysis was showed that the characteristics 
of the oxalic acid synthesis as good as  the characteristics of 
oxalic acid standard. 
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The Clathrate Hydrate Process for Desalination 
Ponnivalavan Babu1*, Praveen Linga2  
1Department of Chemical and Biomolecular Engineering, National University of Singapore, Singapore 
Abstract: The clathrate hydrate process has been demonstrated over the recent years as promising for innovative applications like 
natural gas storage, carbon capture, seawater desalination, cold storage etc. Application that has received renewed interest is 
seawater desalination using the hydrate based desalination (HBD) process. While HBD process was proposed almost 50 years ago, it 
never became commercialized primarily due to the high energy requirement for low temperature operation, slow hydrate formation 
kinetics and hydrate crystal separation. In this presentation, the state of the art on gas hydrate technology pertaining to seawater 
desalination will be discussed in detail. Our recent knowledge on enhancing the kinetics and innovative approach to offset the 
refrigeration cost for the HBD process can be applied to efficiently desalinate seawater to produce potable water. The state of the art 
and challenges for future research for HBD process will be presented. 
Keywords: gas hydrate, clathrate, desalination, seawater   
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Study of Composition In The Process of Making Briquette Charcoal 
Rice Husk 
Rahmi M Sari*, Erwin and Anizar 
Industrial Engineering, University of Sumatera Utara, Medan 20155, Indonesia,  
Abstract: Using fossil fuels such as oil and gas may cause environmental pollutions. One way to solve the problem is developing 
alternative fuel that tend to be more environmentally friendly and renewable. One of alternatives renewable energy is the waste of 
agricultural products. It can be processed to produce biomass briquette. Since Indonesia has huge rice mills, it also generate huge rice 
husk. A rice husk is the outer shell of grain has a great potential used as fuel in producing alternative energy. Research purpose is 
getting briquettes charcoal of rice husk compositions in high quality that can be use as a renewable energy. Thus, the research has two 
stages of making briquettes charcoal rice husk and testing charcoal have been made. To test the quality in the briquette making by 
providing treatment of the adhesive composition, drying time and pressure. To analyze the effect of variables on the quality of the 
obtained briquettes, experimental design is used. The proper comparison is starches 420 grams of adhesive, the pressure was 105 kg / 
cm2 and the drying time for 1.5 hours. The Anava test results obtained that comparison adhesive composition,  jack pressure and 
drying time has a significant impact on the quality of husk charcoal briquette. Among the treatments of briquettes, the 8th treatment is 
in conformity shows range of water content between 7.53% - 10.70%, rate of burning 0.094 g /sec – 0.138 g/sec, ash content between 
7.56% - 16.54%, density ranges between 0.70 g / cm3- 0.73 gr / cm3 and a calorific value between 2211.296 cal/g - 6425.424 cal / g).. 
Keywords: Briquettes, Adhesive Composition, Drying Time, Pressure, Quality, Experimental Design 
1
                                                        
e-mail: rahmi.m.sari@gmail.com* 
1. INTRODUCTION 
Biomass is one of the predominant renewable energy 
sources and the use of biomass for the energy generation has got 
much attention due to its environmental friendliness. One type of 
biomass is briquette made from mixing rice husk. Rice husk is a 
hard layer that consists of two parts, called lemma and palea that 
interlocked each other. The chaff will separate from it’s grain in 
the grinding process and become the rest of the ingredients. 
Based on BPS data of North Sumatra in 2014, the achievement of 
rice production in the province of North Sumatra located between 
3.5 to 4 million tons of milled rice. Meanwhile for rice husk 
generated approximately 25%. Based on the figures above, rice 
husk is a waste that can cause problems for the environment. 
During this time, the use of rice husk is limited only to the media 
ornamental plants, brick kiln, media and poultry manure 
incubation. The utilization circuit can not significantly reduce the 
heap husk. Therefore, the use of rice husk as briquettes is a way 
to maximize the use of chaff and reduce the waste arising from 
the rest of the husk when millings. A number of researchers have 
shown the potential for making briquettes from agricultural 
wastes, such as water hyacinths and cotton stalk, sawdust and 
wheat straw, cotton stalk, corn cob, waste paper and wheat straw 
Rice husk briquettes have the potential to be used as an 
alternative renewable energy. The utilization of rice husks 
briquettes have had done, but did not provide optimal results. 
This is caused by not obtaining a good briquette-forming 
composition. Briquette-forming composition consist of an 
adhesive, press power of briquette forming machine and the 
length of drying time and temperature of Calorific briquettes. 
Comparison of adhesive composition on the uncertain process of 
briquetting, drying briquettes using only sun light and no pressure 
pressing measuring, causing briquettes produced fragilly, easy to 
mold and has a small heat value. So it is necessary to test the 
quality of the briquettes to provide a treatment to the adhesive 
composition, drying time and compressive pressure variables. To 
analyze the effect on the quality of the briquettes, the 
experimental design is used. 
2. EXPERIMENTAL DETAILS 
The type of research used in this study is an experimental 
research. The results of this research will be directed to the 
manufacture of briquettes as an increase in the economic value of 
rice husk so that it can be used as an added value. 
Rice husk briquettes experiments with good quality takes several 
parameters,  
a.The adhesive composition on rice husk briquettes 
 Comparison of the adhesive composition between starch, water 
and charcoal affects the optimal calorific value in the production 
of briquettes. 
b. Length of drying time in the oven 
Drying time when the briquettes in the oven affects the water 
content in the process of briquettes making.  
c. The pressure of molding 
The pressure of molding  affects the density of briquettes  
3. DESCRIPTION OF THE PROCESS 
Implementation of this study consisted of two phases, 
namely the manufacturing of charcoal briquettes and testing husk 
briquettes that have been made. 
1. Stage of Briquette Making 
The process done in the husk charcoal briquettes are: 
a. Preparing Raw Materials 
The raw material is rice husk prepared. Rice husk is dried in the 
sun. 
b. carbonization process 
Rice husk is dried with static drum authoring tool by holes as a 
conductor of heat to the surface of the rice husks, rice husks in a 
static drum will shrink along with the authoring of the center. As 
already charred husks evenly, then cool in a way doused with 
water until the charcoal embers die. Authoring process itself takes 
about 2-2.5 hours for a capacity of 6 kg of rice husk. 
c. Briquette Making dough 
Raw materials which charred husk is then mixed with an adhesive 
starch and water that has been heated. the comparison between 
starch and water as follows: 
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Water and starch in the heat by means of a magnetic stirrer hot 
plate while stirring to form a starch glue until it is shiny so it can 
be used as an adhesive. then mixed with rice husk, and stirred 
evenly. 
d. printing Briquette 
Raw materials that have been mixed with an adhesive and then 
inserted into the mold and do the pressing. 
e. Drying 
Printouts dried in an oven with a drying time during 3600 and the 
second during 5400 seconds, in order to lower the water content 
in the briquettes, so the briquette quickly lit and smoky. 
2. Testing Phase Briquette 
The testing phase is by burning briquettes briquettes that have 
been dried to heat the water as much as 500gr until the water 
reaches a temperature 100 0C. time burning to ashes are noted. 
Then tested with Anova method, whether affect the adhesive 
composition, pressure and drying time. 
Test characteristics of briquettes to identify whether the briquettes 
produced a good quality according to SNI. Parameter testing was 
conducted on the percentage of water content, rate of burning, 
the percentage of ash content, density (density) and the calorific 
value husk charcoal briquettes. 
4. RESULTS AND DISCUSSION 
A. Percentage of Water Content 
Recapitulation of the table above it can be explained on the 
histogram graph between the water content of each treatment 
briquettes in Figure 1.  
        
Fig 1. Histogram of  Water Content (%)  for Each Treatment 
The above picture can be seen briquette-8 treatment have a 
small percentage of water content, while briquette-1 treatment 
have too high percentage of water content .  
B. The rate of burning 
Briquettes burning rate is the speed of briquettes discharged 
to ashes. Briquettes burning rate is influenced by factors of 
calorific value and moisture content. 
 
Fig 2. Histogram of  Burning Rate for Each Treatment 
From the fig 2. above seen that the greater the moisture 
content of each characteristic briquettes are made, then the 
longer the rate of burning. Conversely, if the content of the low 
water levels will be smaller or faster burning rate. 
C. Percentage Degree of Ash 
Determining the percentage of ash by burning the 3 pieces 
of husk charcoal to ashes by Calorific the water as much as 500 
grams of water to a boil with a temperature of 100 0 C, then 
cooled ashes and weighed with digital scales.  
            
Fig 3. Histogram of  Degree of Ash for Each Treatment 
D. Density (density) 
The density is affected by the amount of compression 
pressure given and it affects the burning efficiency of briquettes 
as fuel. 
             
Fig 4. Histogram of  Density for Each Treatment 
The density of the briquettes produced ranges between 
0.70 g / cm3- 0.73 gr / cm3. This value meets the standards ISO 
briquettes density in the range ≤ 1. The higher the density, the 
greater the rate of combustion and the better quality of the 
briquettes. 
4.5. Calorific value 
Calorific value calculation can be done by experimenting with 
heatimeter.Bom bomb calorimeter is a device used to determine 
the calorific value of the vegetable oil or briquettes. 
From the Table 1 explained on the histogram graph Calorific 
value of each treatment briquettes in Figure 5 
       
Fig 5. Histogram of  Calorific Value for Each Treatment 
The higher the calorific value, the better the quality 
briquettes produced and the selling price will increase. 
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E. Design of Experiments 
Design of experiments conducted to determine the effect 
among the factors in the production process of charcoal husk, 
which is the ratio adhesive composition, pressure jack and 
briquettes drying time, the quality of the water Calorific briquettes 
with 500 gr. 
The results of the experimental design can be seen in this 
table: 
TABLE 1. BRIQUETTES ANOVA CALCULATIONS BY USING SPSS 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected 
Model 
50854.958a 7 7264.994 20.556 .000 
Intercept 5659959.375 1 5659959.375 16014.976 .000 
A 7740.042 1 7740.042 21.901 .000 
B 2262.042 1 2262.042 6.400 .022 
C 25026.042 1 25026.042 70.812 .000 
A * B 1785.375 1 1785.375 5.052 .039 
A * C 9009.375 1 9009.375 25.492 .000 
B * C 950.042 1 950.042 2.688 .121 
A * B * C 4082.042 1 4082.042 11.550 .004 
Error 5654.667 16 353.417   
Total 5716469.000 24    
Corrected 
Total 
56509.625 23    
a. R Squared = .900 (Adjusted R Squared = .856) 
Based on tabel 1 above, obtained some conclusions as 
follows: 
FA ≥ Ftable, H0 is rejected, there is a significant effect of 
factors comparison of raw materials and adhesives. 
FB ≥Ftable, H0 is rejected, there is a significant effect of 
faktortekanan jack. 
FC≥Ftable, H0 is rejected, there is a significant effect of drying 
time factor in the oven. 
FAB≥ Ftable, H0 is rejected, there is a significant effect of the 
interaction between the ratio of starch and water with pressure 
jack. 
FAC≥ Ftable, H0 is rejected, there is a significant effect of the 
interaction between the ratio of starch and water with length of 
drying time. 
FBC≤ Ftable, H0 is accepted, there are no significant effects 
of the interaction between the pressure of the jack with length 
of drying time. 
FABC≥ Ftable, H0 is rejected, there is a significant effect of 
the interaction between the ratio of starch and water, the 
compressive pressure and the length of drying time in the 
oven. 
5. CONCLUSION 
The results of data processing and analysis discussion 
provides some conclusions as follows: 
1. The composition of the briquette is briquette treatment done 
with the 8th treatment. 
2. Comparison of the proper adhesive composition is starch 420gr 
with 20:80 starch and water, with the pressure of pressing was 
105 kg / cm2 and the drying time for 1.5 hours. 
3. The test results obtained Anava that comparison adhesive 
composition, compressive pressure and drying time has a 
significant impact on the quality of rice husk charcoal briquette. 
4. Among the treatments of briquettes, the 8th treatment is in 
conformity shows range of water content between 7.53% - 
10.70%, rate of burning 0.094 g /sec – 0.138 g/sec, ash content 
between 7.56% - 16.54%, density ranges between 0.70 g / cm3- 
0.73 gr / cm3 and a calorific value between 2211.296 cal/g - 
6425.424 cal / g). 
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Abstract: The aim of the research is to obtain the alternatives of raw material for surfactants in oil industry. Bagasse’s lignin could be 
obtained by lignin isolation process, which separates lignin from bagasse powder using sodium hydroxide and acid sulfite , then by 
sulfonation process using  sodium bisulfite became surfactant. This product are named Surfactant Sodium Lignosulfonate.  
Lignosulfonate is one kind of anionic surfactants which is used in a chemical injection process of EOR (Enhanced Oil Recovery) for oil 
industry.  Lignosulfonate are derivatives of lignin, that belong to the group of anionic surfactant contain hydrophilic group ( sulfonate 
group, hydroxyl phenyl and hydroxyl alcohol) and hydrophobic group (carbon chain). That is similar with the FTIR (Fourier Transform 
Infra Red) test result for lignin and surfactant sodium lignosulfonate bagasse. The early result of  laboratory study , lignin that was 
produced from isolation process had an infrared test, to learn that lignin contains three groups of components which are are alkenes 
(wavelength at 1511,92 cm-1 ), carboxyl (  3405,67 cm-1 ), and aromatic (2919,7 cm-1). This is similar with standard lignin as reference. 
Surfactant sodium lignosulfonate produced by this method then had an infrared test. Results showed absorption infrared wavelengths 
at 1300 cm-1 as the sulfonate stretch vibration. This is similiar with standard surfactants as reference. From characteristic test, 
surfactant sodium lignosulfonate from bagasse was stable in aqueous stabilty test. Reaction with light crude oil, showed that bagasse 
SLS surfactant has  middle phase emulsion at phase behavior test with the IFT value of 6.81 nM/m. From  the core injection 
laboratory, as a chemical injection with light crude oil sample, bagasse SLS surfactant gives 3 – 7 % recovery factor to enhance oil 
recovery. The novelty of this research is bagasse can be used as a surfactant sodium lignosulfonate, as a surfactant alternative 
material from plant waste, besides commercial surfactant based on petroleum which are currently used. 
Keywords: bagasse,  lignin, lignosulfonate, sulfonation, surfactant.          1 
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1. INTRODUCTION 
 Lignosulfonate is one kind of anionic surfactants that can be 
used as raw material in the method of surfactant injection to 
enhance oil recovery in petroleum industry. The purpose of this 
research is to optimize the using of bagasse with investigation in 
optimization concentration of sulfonation agent to determine 
sodium lignosulfonate. Bagasse’s lignosulfonate could be 
obtained by two processes which are delignification with  2 %  of 
sodium hidroxyde as a reagent and sulfonation process with 
sodium bisulfit as a reagent. The produced lignosulfonate 
surfactant is a type of sodium lignosulfonate due to the using of 
sodium bisulfite (NaHSO3) as agent’s sulfonation. 
 In this study, the result of the sulfonation process of 
lignocellulose from bagasse was characterized using Fourier 
Transform Infra Red (FTIR) spectroscopy method to determine 
the typical functional groups in the lignosulfonate structure.  
2. EXPERIMENTAL DETAILS 
A. Range and specifications used in the bagasse lignin isolation 
process consist of bagasse, sodium hydroxide concentration 0.6, 
2, 3, 6, 8  and 10 M and sodium bisulfate concentration 0.25 M. 
Preparation process was followed by bagasse preparation, which 
is drying the obtained bagasse from  a sugar factory using oven 
and then roughly sieve it before selecting the seed size using 
sieve shaker  to get mesh size of 40, 60, 80 and 100. 
B. Material and tool 
The material used in this research is bagasse from sugar 
factory, where the bagasse contains lignin approximately 
between 10,37 % - 29,46 % (Balai Besar Pulp & Kertas, 2013). 
The bagasse were first sifted before going into an oven so it 
becomes completely dried. The dried bagasse then sifted using a 
sieve shaker to obtain a bagasse powder with particular mesh 
size. The lignin insulation material is natrium hydroxide (NaOH) 
and sulphate acid (H2SO4). While for the lignin sulfonation 
process uses sodium bisulfite (NaHSO3). The tools used are 
sieve shaker, series of reflux (3 necked flask and condensor), 
magnetic stirrer, hot plate,  filter paper and oven.  
 
     
   Fig.1.  Mesh  of  Bagasse 
 
C. Isolation and sulfonation process. 
 The sifted bagasse were inserted into a 3 necked flask then 
refluxed immediately in natrium hydroxide solution at 2% 
concentration for 4 hours. The produced NaOH reflux was then 
filtered, diluted and neutralized with concentrated sulphate acid 
titration (H2SO4 98%) up to pH=2 and set for at least 8 hours until 
a sediment appeared, filtered and dried in oven at 70 oC 
temperature. This obtained sediment is lignin from the bagasse 
isolation process. 
 The produced lignin product along with the commercial lignin 
(from Aldrich and Kraft) next was structure characterized using 
Transform Infra Red (FTIR) spectroscopy measurement. The 
test’s aim is to analyze the function group contained inside the 
lignin produced from hydrolysis. Similarly to the produced 
lignosulfonate product, it was also tested using FTIR 
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0' 30' 60' 120' 1 day 2 day 7 day 9 day 11 day 13 day 15 day 17 day 19 day 21 day
TPN 208 oil 0,25 1,5 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65
emulsion 3,5 0,6 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4
H4S4 brine 0,25 1,9 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95
1.5% oil 0 0 1,2 1,2 1,35 1,35 1,35 1,35 1,35 1,35 1,35 1,35 1,35 1,35
emulsion 3,6 3,5 2,3 2,3 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15
brine 0,4 0,4 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5
PMB 29
Sample Phase 5000 ppm
spectroscopy and the result was compared with a standard 
commercial product. 
D. Bagasse surfactant character test process 
 The obtained surfactant product was next character tested 
which includes aqueous stability test, IFT test and phase change 
test. From the 3 tests, the best surfactant will be obtained which 
fulfills the criteria needed for surfactant injection in EOR process. 
This character test was done gradually.  
1. Aqueous stability test 
2. Phase behavior test 
3. IFT ( inter facial tension) test 
 Aqueous test was done in 3 sulfonation parameter variations 
which are 3 hours, 4 hours and 5 hours sulfonation, by using 
lignin from 4 hours hydrolysis process. The observation took 2 
days in 70 oC temperature condition.                                                                                           
After the aqueous stability test, next step was the behavior test 
using 3 types of crude oil which are light crude oil, intermediate 
crude oil and heavy oil. The aim of this behavior test was to learn 
whether the surfactant was able to form an emulsion with crude 
oil,  if it’s able, then it is possible to know the formed emulsion 
phase, which are the bottom phase, middle phase or top  phase. 
Last, IFT test was done using spinning drop to obtain the 
surfactant composition with the lowest IFT value. 
3. Result  and Discussion 
According to the lignin isolation and lignin sulfonation into 
surfactant sodium lignosulfonate experiment, next the FTIR test 
was done to learn the component contained in the surfactant. 
From the FTIR result, it showed the existence of the component 
which is suitable with the commonly used standard commercial 
lignosulfonate component, which are alkenes, sulfate, carboxylic 
acids and ester, as shown in table below. 
Table 1. The result FTIR of Surfactant SLS bagasse 
No. Component of  lignosulfonate standar Wave number ( cm
-1) 
1. Alkena 1635.34 
2. Sulfate 1384.64 
3. Carboxylic Acids 1114.65 
4. Ester 462.832 
 
This SLS surfactant bagasse FTIR result was then compared with 
standard component spectrum. From the wave length spectrum 
comparison, it turned out that this surfactant from sulfonation was 
appropriate with the standard component owned by Patricia’s and 
Adrich’s lignosulfonate, as shown in the table below. 
Table 2. Wave number of  lignosulfonate standart 
No. 
Component of 
lignosulfonate 
standar 
Wave number ( cm-1) 
  Patricia Aldrich 
1. Alkena 1630 - 1680 1608.34 
2. Sulfate 1350 1365 
3. Carboxylic Acids 1000 – 1300 1187.94 
4. Ester 500 -540 499.831 
 
Due to the suitability of the surfactant with the standards, next 
was undergoing series of component characteristic tests of the 
surfactant. From the aqueous stability test result, SLS surfactant 
bagasse turned out to have a good condition when dissolving in 
water, stayed clear and clumps didn’t appear. This aqueous 
stability test was done in an oven with 70 oC  of temperature for 
48 hours of observation. The observation results is shown in table 
below. 
 
Table 3. Aqueous stability test observation result 
 
Observation Time Surfactant Condition 
H4S4 (1.5%, 5000 ppm) 
30 minutes Clear  
60 minutes Clear  
120 minutes Clear  
24 hours Clear  
48 hours Clear  
Fig 2.  Aquaeous Stability Test – 24 hours observation 
According to the aqueous stability test, it was resumed with 
phase behavior test to see the occurring phase changes.  
 
 
 
 
 
 
 
  
 
    With light crude oil     With int.crude oil      With heavy crude oil 
Fig 3.   Phase Behavior Test With Various Crude oil 
 
The aqueous stability test results shows the forming of 
middle phase emulsion only between the SLS surfactant mixture 
with the light crude oil, while there are no emulsion formed with 
the intermediate and the heavy crude oil. The behavior test 
results became a consideration to perform an IFT test by only 
using light crude oil as a mixture for the bagasse SLS surfactant. 
Table 3 below shows the phase behavior test results on the 
bagasse SLS surfactant with light crude oil. 
Table 3. The Result of Phase Bahavior Test 
 
 
 
 
 
 
 
Observation results can also be seen from picture below. 
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Fig 4. Middle Phase Emulsion Surfactant SLS + Light Crude Oil 
From the table and picture above, it is showed that middle 
phase emulsion appeared on 2 types of light crude oil bagasse 
SLS surfactant, with value comparison of approximately 10 % - 
53.75 % against the solution’s early volume and the condition 
stabled on the 1st until the 21st day of observation. The  middle 
phase emulsion’s appearance showed that bagasse SLS 
surfactant is able to dissolve with some oil at the top part and with 
some water at the bottom part. This condition is needed regarding 
the surfactant function as crude oil fluid injection. With the middle 
phase emulsion formed in the area, thus the oil – water  interface 
tension in the area are also reduced.  
Next IFT test was done to learn the amount of interface 
tension on water – oil surface. IFT test was done with 
measurement using spinning drop tool. The measurement result 
showed that the lowest IFT was found in solution with 1.5 % of 
surfactant composition which is at 6.81 mN/m. The overall IFT 
test result can be seen in table below. 
 
Table 4. The Result of IFT Test 
No. Surfactant SLS Bagasse 
Concentration  ( %) 
IFT  (mN/m) 
1. 1.00 9.04 
2. 1.50 6.81 
3. 2.00 7.09 
4. 2.50 7.20 
Fig 5. IFT Test Surfactant SLS + Light Crude Oil 
 
The IFT test result shows IFT lowest value achieved at 1.5 % 
concentration of surfactant composition, which is at 6.81 mN/m. 
Finally, SLS surfactant bagasse with that characteristic use 
as injection fluid. First step use 1.5 % surfactant concentration at 
5000 ppm salinity. The crude oil that  injected by  SLS surfactant  
is light crude oil sample from TPN 208. Then result of recovery 
factor by injected SLS surfactant with TPN 208  is 3 % and with 
sample light crude oil PMB 29, we have recovery factor  7 %. So, 
from  the core injection laboratory, as a chemical injection with 
light crude oil sample, bagasse SLS surfactant gives 3 – 7 % 
recovery factor to enhance oil recovery. 
4. CONCLUSION 
 According to the sulfonation process for surfactant sodium 
lignosulfonate, the  results on the optimization of surfactant 
sodium lignosulfonate bagasse, it could be concluded that : 
1. Surfactant sodium lignosulfonate bagasse from sulfonation 
process has shown a suitable value with commercial 
surfactant component according the FTIR test result. 
2. From characteristic test, Surfactant Sodium Lignosulfonate 
has aqueous stability, middle phase emulsion with light 
crude oil , stable on 1st until 21st day with emulsion volume 
around 10 – 53.75 %. 
3. Surfactant Sodium Lignosulfonate (SLS) Bagasse has IFT 
6.81 nM/m at 1.5 % concentration . 
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Abstract: During the frying process, cooking oil oxidized and hydrolysed so triglycerides break down into other compounds like free 
fatty acid, peroxide acid and the water content is higher than the new cooking oil so it is not feasible to reuse. Hence, it is necessary to 
improve the quality of waste cooking oil through adsorbtion process.  The present work aimed to decrease the amount of peroxide 
value, free fatty acid value, and acid value of waste cooking oil using integrated adsorber equipment through the medium of activated 
carbon made from coconut shell. The experiment were conducted at temperature 60oC, 90oC, and 120oC. And also100 rpm, 200 rpm, 
and 300 rpm. The result of the study showed that the minimum percent of free fatty acid is 0.768% at a temperature of 120oC and 300 
rpm stirring speed, where as the percent  free fatty acid before adsorption is 3.1744 %. The minimum acid value of the oil obtained at a 
temperature of 120oC and the stirring speed of 200 rpm is equal to 1.9074, whereas the acid value before adsorption is 3.927.  While 
the minimum peroxide value derived from temperature and stirring speed of 300 rpm at 60oC is 5.38, whereas the peroxide value 
before adsorption is 20.59. 
Keywords: Activated carbon; Adsorption; Purification; Waste Cooking Oil.        1 
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1. INTRODUCTION 
 Cooking oil is one of the principal component in the food 
processing that act as a heat transfer medium on the surface of 
the material [1]. During the cooking process, the food is subjected 
into simultaneous heat and mass transfer, accompanied by 
numerous chemical reactions. When heated at high temperatures 
accompanied by contact with air, cooking oil will eventually 
degrade characterized by changing the color, odors, and the 
chemical structure as a result of oxidation, hydrolysis, 
polymerization, and browning reaction. [2-5] The reaction 
products of oil oxidation, such as peroxide, free radicals, 
aldehydes, ketones, hydroperoxide, polymers, oxidized 
monomers and various other oil oxidation products reported an 
adverse influence on health [6]. Cooking oil refining efforts 
required in order to reuse waste cooking oil for economic reasons 
which not harmful to human health. 
 Waste cooking oil treatment is generally done by adsorption 
[2-4]. Adsorption is process of separating certain components of 
the fluid to the surface of the solid substance that absorbs 
(adsorbent). The separation occurs because of differences in the 
molecular weight or porosity that causes some molecules bind 
tighter to the surface of the other molecule. As for the conditions 
of the an adsorption process, there is a substance which adsorbs 
(adsorbent), a substance adsorbed (adsorbate), and time of 
agitation until the adsorption run balanced [6].  
 In accordance with the type of bond that exists between 
adsorbed material molecules and adsorbent surface, adsorption 
process divided into two types, which are physical adsorption and 
chemical adsorption. Adsorption using activated carbon included 
into physical adsorption. Physical adsorption occurs due to the 
van der Waals interactions, ie, two or more particles in 
suspension, which has a different parameter, then merge into one 
so that the shape and the molecular weight of this combination 
increased [7]. 
 A substance can be used as an adsorbent for separation 
purposes when it has selective adsorption, porous (having a large 
surface area per unit of mass and has a strong holding capacity 
to substances to be separated physically and chemically [8]. 
 Activated carbon is a porous solid, consisting mostly of 
carbon-free element and each are covalently bonded. Thus, the 
surface of activated carbon is non polar [4]. Activated carbon not 
only contains carbon atoms but also contains small amounts of 
oxygen and hydrogen chemically bonded in the form of functional 
groups which are varied, for example carbonyl (CO), carboxyl 
(COO), phenols, lactones, and some ether groups. Based on 
physical properties, activated carbon has several characteristics, 
which include solid black, tasteless, odorless, hygroscopic, 
insoluble in water, acids, bases or organic solvents [8-10]. 
 Activated carbon made through two stages: carbonation 
stage and activation stage. Carbonation is a process in the room 
without the presence of oxygen and other chemicals, while 
activation is required to change the results of carbonation into the 
adsorbent which has a large surface area [11]. Carbon is 
produced through the raw materials carbonization process, so 
most of the pores are still covered by hydrocarbons, tar, and 
other components, such as ash, water, nitrogen, and sulfur, so 
that the absorbency is still low. To improve absorption capacity of 
carbon, such materials can be converted into carbon through the 
activation process [8-12]. 
 The activation process is a treatment of carbon which aims to 
enlarge the pore that is by breaking the bonds of hydrocarbons or 
oxidizing surface molecules that change the carbon nature, both 
physical and chemical, that surface area become larger and 
influence on the adsorption capacity [13,18]. 
 The activated carbon pore size range from 10 to 250 A °. The 
pore size can be divided into three categories which are 
macropores, mesoporous and microporous. Macropore is defined 
as the pore size of activated charcoal which have diameters 
larger than 250 A° with a volume of 0.8 mL / g and a specific 
surface between 0.5 to 2 m2 / g. Mesopores have diameters 
ranging between 50-250 A° with a volume of 0.1 mL / g and a 
specific surface of 20-70 m2 / g. Microporous is the activated 
carbon porous with a diameter smaller than 50 A° and is divided 
into three parts: 
a. Maxi Microporous  
Maxi micropores are pores with a pore diameter of 25-50 A°, 
that can be used to absorb the pigments of plants and very 
good for the adsorption of molasses. 
b. Mesi microporous 
Mesi pore diameter is ranging between 15-25 A°, which is 
excellent for absorbing dye, especially methylene blue. 
c. Mini microporous 
The pore diameter of mini micropores is smaller than 15 A°, 
and can be well used for the absorption of iodine and phenol 
[14]. 
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 Microporous plays an important role in the adsorption 
process because the total volume of microporous holes is greater 
than the total volume of macropores and mesopores. Macropores 
and mesopores only serves as transport pore (the road to the 
microporous). Pore size distribution is an important parameter in 
terms of the ability of activated carbon absorption of the molecule 
in varies size [17]. 
 There are several factors that affect the activated carbon 
absorption, which is the properties of activated carbon, the 
properties of component absorbed, the properties of the solution 
and contact systems. Activated carbon absorption capacity is an 
accumulation or concentration of the components in the surface / 
interface in two phases. When the two phases interact with each 
other, it will form a distinct new phase with each previous phase. 
This is due to the attractive forces between molecules, ions or 
atoms in two phases. These attractive forces known as van der 
Waals. In certain circumstances, atoms, ions or molecules in the 
interfacial region experiencing imbalances style, so as to attract 
other molecules until the equilibrium of forces is reached [15,17]. 
 This present study aims to investigate the effectiveness 
of the integrated adsorber by varying the temperature and stirring 
speed on the quality of the waste cooking oil in terms of the 
content of free fatty acid, peroxide value, and the acid value 
through the medium of activated carbon from coconut shell. 
 
2. EXPERIMENTAL DETAILS 
2.1. Materials 
 Integrated adsorber used in this research work based on 
function of temperature and stirring speed during the adsorption 
process. 
Integrated adsorber consisting of the following equipment: 
a) Material iron frames 
b) Two filters in the form of a tube stainless steel vessel with 28 
cm diameter and 20 cm of height equuiped with 60 and 100 
mesh sieve. 
c) Heating vessel in the form of stainless steel vessel with 28 cm 
diameter and 25 cm of height. 
d) Heating coil 
e) Thermocouples 
f) Set the control panel 
g) Agitator 
h) Valve 
i) Wheels 
The equipments used for activation of activated carbon include: 
a) Ring mill 
b) Furnace 
c) 100 mesh sieve and shaker 
Materials used include: 
a) Waste cooking oil brands Frytol 
b) Activated carbon from coconut shell 
c) Ethanol 95% 
d) KOH 0.1M 
e) NaOH 0.1M 
f) Phenolphthalein indicator (pp) 
2.2 Preparation and Activation of Activated Carbon 
 Activated carbon is pulverized to 100 mesh using a ring mill. 
Sieve used in order to obtain activated carbon in the uniform size. 
Furthermore, activated carbon is activated physically in the 
furnace at a temperature of 800oC for 3 hours. 
2.3. Integrated Adsorber Dimension 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4 Waste Cooking Oil Preparation 
 Cooking oil is heated at a temperature of 110oC to vaporize 
water and volatile matter that still contained in cooking oil due to 
the frying process. 
2.5 Adsorption Process 
 A total of 3 liters of waste cooking oil fed into an integrated 
adsorber and then heated up to 60, 90, and 120 oC. 150 grams of 
activated carbon mixed into the oil while the oil is being stirred 
with a variation of 100, 200, and 300 rpm for 90 mins. 
Furthermore, activated carbon allowed to settle for 2x24 hours 
inside the equipment before leave the equipment through a valve 
which is attached at the bottom of the integrated adsorber. 
c. Integrated Adsorber 
a. Mechanical Filter 
b. Heating Vessel 
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3. RESULTS AND DISCUSSION 
3.1. Integrated Adsorber Design 
 Cooking oil purification process is done by using an 
integrated adsorber. This equipment works on the principle of 
adsorption and influenced by several factors such as 
temperature, stirring speed and residence time so that the 
process will takes place optimally. There are three main 
processes in the integrated adsorber, which are pre-treatment, 
adsorption and filtration. Pre-treatment is done by using a double 
filter with sieve size each 60 and 100 mesh. The intention of 
using double filters is to separate large-sized impurities from 
waste cooking cooking oil. Once filtered mechanically, waste 
cooking oil is heated at a temperature of 110oC for three hours to 
remove the water and unwanted volatile substances. 
 The adsorption process takes place on a heating vessel. 
There are are agitators, heating coils, activated carbon inlet 
valve, and outlet oil valve which is equipped with a 200 mesh 
sieve in the heating vessel. Activated carbon inlet valve serves as 
a place for activated carbon to enter into the heating vessel. The 
outlet valve is equipped with a filter size of 200 mesh, for 
separating cooking oil from the activated carbon. The heating coil 
is installed automatically with the control panel which can reach 
300oC. Temperature arragement aims to accelerate the binding 
reaction impurities during adsorption and activated carbon 
homogenization. Rising temperatures cause an increase in the 
speed collisions between particles which accelerate adsorption 
process. Agitator also installed automatically with the control 
panel by the range of 100-900 rpm. Stirring function is to disperse 
activated carbon in cooking oil. In addition, stirring also plays a 
huge role in homogenizing heat distribution in the adsorption 
process. 
 Activated carbon is derived from coconut shells and 
physically activated by heating at temperature of  800oC for three 
hours [12]. Within 60 hours, the activated carbon even become 
saturated and no longer active due to contact with air and water 
vapor so that the reactivation process is required. The activation 
process aims to increase the porosity of the surface area per unit 
of carbon. Heating at high temperatures cause volatile matter and 
impurities detached from the carbon pores so that the activated 
carbon can be reused. One gram of activated carbon has 
approximately 500-1500 m2 surface area, making it very effective 
in absorbing particles of very fine size of 10-2-10-7 mm [18]. 
 This present study aims to investigate the effectiveness of 
the equipment by varying the temperature and stirring speed in 
order to obtain optimum temperature and stirring speed on the 
adsorption process waste cooking oil using an integrated 
adsorber. 
 The settling time required by activated carbon in the 
integrated adsorber is 2x24 hours. Then, the filtering is done 
directly through the cooking oil outlet valve. 
3.2. Cooking Oil Analysis After Adsorption 
 Waste cooking oil after adsorbed analyzed according to 
three parameters, which are the free fatty acids, acid value and 
peroxide value. Three parameters are obtained from the 
treatment temperature and stirring speed in the process of 
adsorption on adsorber purification using the integrated waste 
cooking oil. 
a. Effect of Temperature and Stirring Speed against Percentage 
of Free Fatty Acid 
 Based on the results obtained, the percentage of free fatty 
acids ranged from 0.7680% to 1.28%, while the percentage of 
free fatty acids prior to the adsorption process is 3.1744%. The 
effect of temperature and stirring speed on the acid value can be 
seen in the picture below. 
Figure 2 Effect of temperature and stirring speed to free fatty acid 
 
 Figure 2 shows that the percent of free fatty acids tend to 
decrease with increasing temperature and stirring speed. Based 
on percent free fatty acids testing using a volumetric method with 
0.1 M of NaOH, percent minimum of free fatty acids is  0.7680% 
at a temperature of 120oC and stirring speed of 300 rpm. 
 Activated carbon adsorption occurs physically due to the 
van der Waals force between the solute and the surface of the 
absorbent media. Van der Waals force is the gravitational pull 
and repel between atoms, molecules, surface and between other 
molecules that caused a chemical bond between them. If the van 
der Waals force between the solute (FFA, impurities) and the 
surface of the absorbent media is greater than the van der Waals 
force between solvent and solute, the solute will be attracted by 
the surface of the absorbent media known as adsorption process. 
 Adsorption velocity is directly proportional to the 
temperature rise as shown in Figure 3. When the adsorption 
temperature is high, then the movement of the particles in the 
solution become faster and collide each other and break the bond 
between solute and solvent. This makes the van der Waals force 
between the solute and the solution is lower than the surface 
tension force and the media so that the solute dissolved 
substances (impurities) attracted and absorbed by the surface of 
activated carbon media. This is in line with the results of research 
that shows the percentage of free fatty acid minimum obtained at 
120oC which is the highest temperature variable in this study. 
 Stirring purpose is to distribute the activated carbon to all 
parts of the volume of solution so that the activated carbon has a 
uniform area and time contact against impurities in the solution. 
The percentage of free fatty acids is inversely proportional to the 
speed of stirring. The percentage of free fatty acids tend to 
decrease with the increase of stirring speed, but stirring with high 
velocity can cause the damage in adsorbent structure so that the 
adsorption process will become less than optimal. Based on this 
research, the minimum percent free fatty acids obtained in the 
stirring speed of 300 rpm. This shows that the stirring speed of 
300 rpm is the optimum stirring speed to get the best results. 
 Free fatty acids are fatty acid from free acid groups which 
are not bound as triglycerides. Based on the research results, the 
higher the temperature and stirring speed on the adsorption 
process, the percentage of free fatty acids is getting smaller. 
b. Effect of Temperature and Stirring Speed against Acid value 
 Based on the research results, the value of the acid value 
ranges between 1.7952 Meg / Kg to 2.805 Meg / Kg while the 
value of the acid value prior to the adsorption process is 3.927 
Meg / Kg. The effect of temperature and stirring speed on the 
acid value can be seen in the picture below. 
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Figure 3 Effect of temperature and stirring speed against acid value 
 Figure 3 shows that that the acid value tends to decrease 
with increasing temperature and stirring speed. This is based on 
the theoretical basis that the function of the amount of the acid 
value is directly proportional to the percent of free fatty acids. If 
the percentage of  free fatty acid in cooking oil decreased, the 
acid value will also decreased. Slope in acid value caused by free 
fatty acid which are  classified into saturated fatty acids (palmitic, 
stearic and myristic) adsorbed by the activated carbon in the 
adsorber. Saturated fatty acids are formed as a result of heating 
cooking oil at high temperatures when frying which can cause 
rancidity. 
 Analysis for acid value done in volumetric manner using 
KOH solution 0.1 M. The test results showed the minimum acid 
value of the cooking oil obtained at a temperature of 120oC and 
stirring speed of 300 rpm is 1.7952. 
 The acid value is a number that indicates the amount (mg) 
of KOH required to neutralize 1 gram of chemical compounds. 
Figures show the acid content of free fatty acids contained in the 
cooking oil. The content of free fatty acids in the cooking oil 
resulted in an increased number of acid and rancid oil [16]. Based 
on the research results, the higher the temperature and stirring 
speed on the adsorption process, the acid value is getting 
smaller. 
c. Effect of Temperature and Stirring Speed against Peroxide 
value  
 Based on the research results obtained by peroxide value 
ranging between 5.83 Meg / Kg to 20.32 Meg / Kg while the value 
of the number of peroxide prior to the adsorption process is 20.59 
Meg / Kg. The effect of temperature and stirring speed on the 
peroxide value can be seen in the picture below. 
 Figure 4 shows that the peroxide value tends to decrease 
with the increase of stirring speed and temperature decrease. 
Minimum peroxide value obtained from the temperature and 
stirring speed 60oC and 300 rpm is 5.38. The downward trend in 
the most optimum peroxide value is at a temperature of 90oC. 
 Peroxide value is the number of milliequivalents of active 
oxygen contained in 1000 grams of oil or fat. Peroxide is an 
important indicator that signifies oil damage due to oxidation 
which takes place when there is contact between the oxygen and 
cooking oil. In principle, any oxygen and heat the fat or oil will 
undergo oxidation reaction. Oxygen molecules bound to the 
double bonds of the unsaturated fatty acids. The double bonds of 
unsaturated fatty acids undergo the oxidation process to form 
short chain fatty acids, aldehydes and ketones which can cause 
odor and unpleasant taste. Fatty acid oxidation involves the 
formation of free radicals which consists of three basic processes, 
which are initiation, propagation and termination. In the early 
stages of the reaction, hydrogen released from unsaturated fatty 
acids homolitically to form alkyl radicals which occur because of 
the initiator in the form of a heat, active oxygen, metal or light. In 
normal circumstances alkyl radical rapidly reacts with oxygen to 
form peroxy radicals. These peroxy radicals react further with 
unsaturated fatty acids to form hydrogen perokside and alkyl 
radicals, then alkyl radicals formed react with oxygen. Thus, the 
autooxydation reaction or free radical chain reactions that 
produce hydrogen peroxide continuously occurs. Excessive 
temperatures will cause higher oxidation rate, so the peroxide 
value tends to increase. It underlies minimum peroxide value 
obtained by the treatment of low temperature is 60oC. 
Figure 4. Effect of temperature and stirring speed against peroxide value 
 
 Stirring speed with higer velocity can cause the hydrogen 
peroxide that has been absorbed by the activated carbon 
detached so that the purified cooking oil still contained high 
amount of hydroperoxide. In addition, the higher stirring speed 
can ruin the structure of activated carbon and cause disturbance 
to adsorption process. Based on this research, the minimum 
peroxide value obtained from the treatment of mixing speed of 
300 rpm. This shows that the stirring speed of 300 rpm is not a 
critical point that could result in damage to the structure of the 
adsorbent and the release of hydroperoxide from the surface of 
activated carbon. 
 Peroxide value is the amount of oxidized fatty acids that are 
determined by the amount of iodine (I2) which is formed from the 
reaction of peroxides in the cooking oil with iodine ions (I-) 
proportional to peroxide concentration samples [16]. Based on 
the research results, the higher the temperature in the adsorption 
process, the greater the peroxide value and the higher the speed 
of stirring the peroxide value is getting smaller. 
4. CONCLUSIONS 
a) Integrated adsorber designed based on a function of 
temperature and stirring speed on the adsorption process. 
b) The higher the temperature and stirring speed, the smaller 
the percent of free fatty acids. The optimum temperature 
and stirring speed for percent free fatty acids are 120oC and 
300 rpm with the 0.7680% of free fatty acids. 
c) The higher the temperature and stirring speed, the smaller 
the acid value. The optimum temperature and stirring speed 
to a decrease in acid value is 120oC and 300 rpm with acid 
values of 1.7952 Meg / Kg. 
d) The higher the temperature and stirring speed, the smaller 
the peroxide value, the optimum temperature and stirring 
speed for peroxide value is 60oC and 300 rpm with a 
peroxide value of 5.38 Meg / Kg. 
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The Laboratory Studies Effect of Surfactant Concentration on Oil 
Recovery 
Sugiatmo Kasmungin*, Kartika Fajarwati Hartono and Pauhesti Rusdi 
Petroleum Engineering Department, Trisakti University, West Jakarta 11440Indonesia,  
Abstract: In keeping world oil declining number, an EOR technology has been implemented to increase production within the industry. 
Enhanced oil recovery (EOR) is various techniques for increasing the amount of crude oil that could be used to extract crude oil from 
an old oil field. One technique of EOR is chemical injection in forms such as Alkaline, Surfactant, and Polymer. In this experiment, the 
use of surfactant will reduce interfacila tension between two liquids oil and water, thus forced oil to flow through pores of reservoir 
rocks. On this experiment, a surfactant, various percentage injection outputs will be used 0.1%, 0.2%, 0.3%, 0.4%, and 0.75%, three 
variant oil composition will be implemented between kerosene : paraffin 30 : 70 (solution A), kerosene : paraffin 40 : 60 (solution B), 
and kerosene : paraffin 50 : 50 (solution C). The density and viscosity of brine, surfactant, oil, and interfacial tension (IFT) will be 
measured. Estimation of water, oil, and surfactant injection result will be recorded with experiment carried out at 70oC. The best result 
is solution C at 64.82% total oil recovery. 
Keywords: Concentration Surfactant, interfacial tension, CMC, Surfactant Flooding, Oil recovery.      1 
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1. INTRODUCTION 
 The demand of oil and power has increased day by day 
whereas the reserves of oil are limited and during production the 
reservoir energy is depleted [1]. It became an important challenge 
to produce oil and energy in order to fulfill demand in the world. In 
keeping world oil declining number, an EOR technology has been 
implemented to increase production within the industry. 
Enhanced oil recovery (EOR) is various techniques for increasing 
the amount of crude oil that could be used to extract crude oil 
from an old oil field. Enhanced oil recovery or tertiary recovery 
(EOR) is considered for the solution of relatively low recovery 
efficiencies relating to petroleum production processes [2]. 
 Chemical flooding, one of EOR methods, are now getting 
importance in enhanced oil recovery to recover the residual oil 
after primary and secondary recovery [3]. One of chemical 
flooding methods in the present study has been carried out on 
surfactant flooding. Surfactants are chemical substances that 
adsorb on or concentrate at a surface or fluid-fluid interface and 
alter the interfacial properties significantly; in particular, they 
decrease interfacial tension (IFT) [4]. Anionic surfactants are 
most widely used in Enhanced Oil Recovery processes because 
they show relatively low adsorption on sandstone rocks whose 
surface charge is negative[5].  
 The economics of the surfactant injection is very important 
due to the high cost of the chemicals; thus optimum injection 
scheme has to be designed and considered [6]. Many papers 
have been published about technically successful research and 
projects using surfactant injection for EOR process. Yet, the cost 
for the high surfactant concentrations required has been one of 
the main reasons for the limited use of this process [7].  
 Berger and Lee, 2002, conducted research to describes the 
use of several modified surfactants that are economically feasible 
and also provide ultra-low interfacial tension (IFT) at ultra-low 
concentration [7]. Berger and Lee also describe the synthesis of 
new series of alkylaryl sulfonic acid at formation temperature was 
close to ambient temperature (55oC). 
 Based on previous research that observed effects of low 
salinity brine injection on enhanced oil recovery, Alagic and 
Skauge, 2010, proposed a new hybrid Enhanced Oil Recovery 
process. The hybrid process combines the effect of low salinity 
brine injection with decreased capillarity by addition of suitable 
surfactant and they used sandstone core plug and olefin 
sulphonate surfactant [8]. Khanamiri and Torsaeter (2015) also 
investigated the effects of low salinity water injection on oil 
recovery. Low salinity surfactant injection is cost effective and 
easier to design and perform in the field than conventional 
injection [9].  
 Pauhesti, et.al, 2015, conducted research to investigate the 
effects of low concentration surfactant on enhanced oil recovery 
for low-medium salinity sandstone reservoir at high temperature 
(70oC). The results shown that surfactant with low concentration 
can be used for surfactant flooding as Enhanced Oil Recovery 
(EOR) process and obtain high oil recovery [10]. 
 The objective of this research is to identify the effects of low 
concentration  surfactant flooding on enhanced oil recovery in 
low-medium salinity reservoir in various oil compositions and 
determine the optimum of surfactant concentration to obtain high 
oil recovery. The possibility of injecting surfactant with low 
concentration for implementing in oil field was investigated by 
laboratory feasibility using experimental modeling and core 
flooding experiments with core plugs supported by water flooding. 
2. EXPERIMENTAL DETAILS 
This research was conducted by laboratory studies to 
recognize the influence of anionic surfactant to variation oil 
composition in order to enhanced oil recovery in sandstone 
reservoir. The temperature condition of surfactant injection was 
70oC and variation oil composition used in this experiment are 
kerosene: paraffin 30:70 (Solution A); kerosene : paraffin 40 : 60 
(Solution B); kerosene : paraffin 50 : 50 (Solution C). To examine 
the compatibility of the reservoir rock to the injected fluid, core-
flooding tests were conducted. This experiment was divided into 
three groups: (1) displacement of oil by water injection (brine) in a 
bare core-flood (primary water flooding), (2) displacement of oil 
by anionic surfactant (AOS) in an oil saturated core flooding 
(secondary recovery by surfactant), and (3) displacement of oil in 
a core flooding originally fully flooded by water injection (tertiary 
recovery by surfactant). Experiment procedures above were 
conducted for each solution (Solution A, solution B, solution C).  
 
2.1 Materials  
For the objective of this study, the materials used are brine, 
kerosene oil, paraffin oil, and anionic surfactant (AOS). 
 
2.1.1 Rock samples Preparation   
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For the experiments, core plugs were taken from cores obtained 
from two wells with almost same properties. After cleaning, with 
toluene, the plugs were dried. The properties of the core plugs 
used in the experiments are given in Table 1. Later on, the 
porosity and permeability values were measured using 
porosimetry and permeameter. Porosity and permeability values 
were found to be between 13% - 15% and 5-8 mD, respectively. 
Table 1 Core Plug Properties 
Core no. Porosity (%) 
Permeability 
(mD) 
Pore 
Volume 
(mL) 
1 14.2 6.38 2.44 
2 14.2 6.81 2.51 
3 15.4 5.45 2.64 
 
2.1.2 Fluid Samples Preparation 
 Brine was used as the aqueous phase during experimental 
study. Brine is 10 wt. % Sodium Chloride (NaCl) solutions and 
obtained formation salinity is 10,000 ppm. Because of the 
objective this study is only to investigate the rock-oil-surfactant 
interaction and increase of recovery due to surfactant, a synthetic 
brine was used to saturate the samples (cores) and as 
displacement fluid. Oil samples used are mixing between 30% 
kerosene oil and 70% paraffin oil (Solution A); 40% kerosene oil 
and 60% paraffin oil (Solution B); 50% kerosene oil and 50% 
paraffin oil (Solution C). The properties of the oil samples are 
shown in table 2.  
 To prepare surfactant solutions in a standard 1000 mL 
volumetric flask of brine, first the surfactant (AOS) was weighed 
on a volume basis, then poured into 1000 mL volumetric flask of 
brine. Once the stock solution was ready, it was diluted to desired 
concentration of 0.1%, 0.2%, 0.3%, 0.4%, 0.5% and 0.75%. The 
properties and rheology of the surfactants are given in Table 3. 
 
Table 2 Properties of Oil Samples at 70oC 
Solution Density (gr/cc) 
Viscosity 
(cp) 
Specific 
gravity 
A 0.796 2.42 0.8137 
B 0.794 1.96 0.8118 
C 0.792 1.59 0.8103 
 
Table 3 Surfactant Properties at 70oC 
Concentration 
(%) 
Density 
(gr/cc) 
Viscosity 
(cp) 
Specific 
gravity 
0.1 0.99 0.57 1.08 
0.2 0.99 0.60 1.09 
0.3 0.99 0.62 1.09 
0.4 0.99 0.65 1.09 
0.5 0.99 0.65 1.09 
0.75 0.99 0.66 1.09 
 
2.2 Interfacial Tension Measurement 
The interfacial tensions (IFT) between oil-brine and oil-
surfactant were measured using Du Nouy Ring method. The IFT 
between oil and brine was 28 dyne/cm. To establish the base for 
the selection of the surfactant concentration, IFT measurements 
were also conducted for oil and surfactant. The IFT values for 
different concentrations are given in table 4. 
 
 
 
 
 
 
 
 
 
Table 4 IFT values for different surfactant concentration 
 
 
2.3 Experimental Procedure 
 After cleaning and drying the core plugs with toluene, 
porosity and permeability properties of core plugs (reservoir rock) 
were measured. Then the core plugs were saturated with brine 
and drained by oil displacement to obtain irreducible water 
saturation. Oil was pumped at 0.8 mL/min until 20 pore volume 
(PV) and oil has been injected to ensure complete displacement 
of water to its irreducible water saturation. The core plugs were 
exposed to the same cleaning procedure and aging time before 
starting water injection at 0.8 mL/min. some of the experiments 
were followed by the surfactant injection using the same rate. 
Each core a plug was used only once and all experiments were 
conducted at 70oC. The procedures above were conducted for 
each oil samples (Solution A, Solution B, and Solution C).  
3. RESULTS AND DISCUSSION 
3.1 Determination of Critical Micelle Concentration 
 Critical micelle concentration (CMC) refers to the 
concentration of surfactant solutions to form a large amount of 
micelles as one of the main parameters of each surfactant [11]. 
Critical micelle concentration can be determined from plot of 
interfacial tension (IFT) and surfactant concentration that is 
shown in Figure 1. According to this figure, IFT was reduced 
significantly up to concentration of surfactant is 0.3% for each 
solution,  and then the variation of IFT would be negligible. In 
other words, the CMC of the surfactant variation was 0.3%. The 
purpose determination of CMC is to obtain optimum concentration 
for flooding or injection to the core plugs.  Therefore, the 
experiment will be identifying the effects of surfactant 
concentration, specifically up to concentration of 0.3% on oil 
recovery. Figure 1 also shows plot of Interfacial tension (IFT) to 
surfactant concentration with various oil composition. The best 
IFT based on this figure is shown by solution C (kerosene : 
paraffin 50 : 50) as the lowest IFT. From table 2, solution C has 
the lowest density and viscosity. It shows that solution C is lighter 
than solution A and solution B. AOS surfactant is suitable for light 
oil, yet it is needed further research. 
3.2 Surfactant Injection 
 The first step of this experiment procedure was pump water 
as water injection (secondary recovery) into the oil saturated core 
plugs. The experiment was continued until 100% produced water 
cut is reached. To ensure that the water injection would not 
produce more oil, several pore volumes of water were injected 
after reaching 100% water cut. Examples of the recovery plots 
are shown in figure 2 for oil composition solution A with variation 
of AOS Surfactant concentration (0.2%, 0.3%, and 0.4%). Figure 
3 for oil composition solution B with variation of AOS Surfactant 
concentration (0.2%, 0.3%, and 0.4%) and figure 4 for oil 
composition solution C with variation of AOS Surfactant 
concentration (0.2%, 0.3%, and 0.4%). From all figures and all 
solutions are obtained the best total recovery factor is at 0.3% 
Concentration of AOS surfactant. 
 Figure 2 shows the highest oil recovery is 57% at 0.3% AOS 
concentration. At the other AOS concentration, 0.2% and 0.3%, 
represents earlier water breakthrough, however it shows long 
Concentration 
(%) 
IFT (dyne/cm) 
Solution A Solution B Solution C  
0.1 16.9 15.9 12.5  
0.2 14.9 13.5 10.3  
0.3 12.5 11 9.1  
0.4 12.5 11 9.1  
0.5 12.5 11 9.1  
0.75 12.5 11.1 9.1  
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plateau time. On the other hand, at 0.3% AOS concentration 
represents high water injection recovery but has shorter plateau 
time. Some cases represented earlier water breakthrough, yet 
some other cases shows high water injection recovery whereas 
some cases shows low water injection recovery but high 
surfactant recovery, as shown as Figure 3 and Figure 4. This 
experiment result is linier to IFT and Surfactant concentration plot 
(Figure 1). The IFT decreases rather sharply as surfactant 
concentration increases until the CMC is reached. Beyond of the 
CMC (up to 0.3%), little change in IFT occurs and it can be seen 
in figure 3 and figure 4. Oil recovery would be increased by 
surfactant injection due to reduction of IFT between oil and rocks 
(core plugs).   
 Figure 3 is typical as figure 2. It shows oil recovery 
performance for solution B at various AOS concentration (0.2%, 
0.3%, and 0.4%). The highest total oil recovery obtained is 55% 
and it is lower than total oil recovery that obtained from solution 
A. 
  Figure 4 shows the different recovery trends were observed. 
The trends plot for solution C at various concentrations (0.2%, 
0.3%, and 0.4%). Surfactant injection at concentration 0.3% yield 
total oil recovery until 70%. This is the highest oil recovery 
compare to the other solutions (solution A and solution B). The 
results from all figures also show that raise the concentration of 
surfactant beyond of the CMC, there has been little change of oil 
recovery by surfactant injection or it could be negligible. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Variation IFT with surfactant concentration and oil 
composition 
 
 
 
 
 
 
 
 
 
 
Figure 2. Oil Recovery Performance for Solution A at Various AOS 
Concentration Injection 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Oil Recovery Performance for Solution B at Various 
AOS Concentration Injection 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Oil Recovery Performance for Solution C at Various AOS 
Concentration Injection 
3.3 Total Oil Recovery Factor 
The selection of the surfactant concentration is an important 
and critical issue in order to obtain effective (higher recovery) and 
cost efficient process, especially for surfactant flooding 
implementation in the field.  It was observed that the change in 
the IFT is the main issue in the recovery process for tertiary EOR 
using surfactant injection preceded by secondary recovery (water 
injection). The optimum concentration of surfactant from this 
experiment is 0.3% yield total oil recovery 70% in solution C 
(kerosene : paraffin 50 : 50). The total oil recovery each solution 
and AOS surfactant concentration can be seen in Figure 5.  
 One the main issue that was not examined in this study was 
the adsorption of the surfactant. Another issue that was not 
investigated in this study is the effect of low surfactant 
concentration to high salinity formation. Salinity is expected to 
affect the surfactant stability and adsorption thus the recovery 
performance. 
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Figure 5. Total Oil Recovery of Surfactant Injection (preceded by water 
injection) 
4. CONCLUSION AND RECOMMENDATION 
Adding surfactant concentration beyond to Critical Micelle 
Concentration (CMC) point, little change in IFT occurs. Therefore, 
surfactant injection with concentration beyond to CMC point was 
not recommended due to inefficiency, specifically economic cost 
in chemical. Moreover, surfactant injection with concentration 
beyond to CMC point can reduce oil recovery. From this study, 
optimum surfactant concentration to obtain highest recovery is 
0.3% yield 70% recovery of oil in Solution C (kerosene : paraffin 
50 : 50). To use surfactant tertiary recovery (after water injection), 
surfactant concentration and interfacial tension (IFT) are critical 
factors to obtain high oil recovery. From this experiment, 
surfactant injection using low concentration can be concluded that 
low concentration can be used for surfactant injection for low-
medium salinity formation in sandstone reservoir and also light oil 
type. 
 This experiment need further research in order to develop 
surfactant flooding for enhanced oil recovery (EOR). After this 
research, surfactant injection using low concentration, this 
research will be followed by modified surfactant structure for low 
concentration (surfactant synthetic) and applicable for high 
temperature reservoirs in order to improve low concentration 
surfactant performance for high temperature reservoirs.  
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Anaerobic Digestion Of Cheese Whey For Biogas Production: Review 
Wara Dyah Pita Rengga*, Riska Yuliana Siregar and Diyah Saras Wati  
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Abstract: Cheese whey wastewater disposal represents a major environmental problem. It is characterized by the high value of 
chemical oxygen demand (COD), biological oxygen demand (BOD), and a volatile acid. This waste is potentially a biogas because it 
contains lactose 5.4% using anaerobic digestion methods. Anaerobic digestion of dairy food waste water offers many advantages over 
other treatments in that a high level of waste stabilization is achieved with much lower levels of sludge. In addition, the process 
produces readily usable methane with low nutrient requirements and no oxygen. The stages of facultative anaerobic microorganism 
are acidogenic and methanogenic. This review discusses biochemistry of the process and factors affecting anaerobic digestion. 
Methane will be produced 74 ̶ 85,9% with 6 ̶ 10 d HRT at pH 5 ̶ 6 for acidogenic stage and pH 6 ̶ 7 for a methogenic stage with two-
stage fermentation system at the mesophilic condition for 20 ̶ 55˚C. 
Keywords: Anaerobic digestion; Methane; Cheese whey; Digester design; Biogas 
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1. INTRODUCTION 
The most important wastewaters produced with extremely 
high organic content need some way to process it more. Cheese 
factory waste streams are derived from a variety of wash water 
and wastewater equipment (a mixture of detergent and remnants 
of milk in the pipeline) and the actual cheese whey is a liquid 
byproduct of the cheese making process remaining after the 
precipitation and removal of casein milk. Cheese whey is that 
contains most of the water. Cheese whey is a protein and lactose 
rich byproduct of the cheese industry. Cheese whey contains a 
significant amount of carbohydrates mainly lactose 63-70 g/m3 
[1], proteins not exceeding 6-10 m3 [1], lactic acid is less than 1% 
[2], and fats at about 0.4% ̶ 0.5% [2] also amounts of milk 
minerals and all the water-soluble vitamins. 
Although the volume of cheese whey much less which is 
about 1/3 of the waste water but organic load and consequently is 
very high [2]. The pollution problems since whey have a high 
heavy organic pollutant with high chemical oxygen demands 
(COD) more than 60 g/L [3] and biological oxygen demand (BOD) 
usually 40,000-60,000 ppm [4]. As it has the potential to pollute 
very strong before being allowed to be discharged directly into the 
ground or water into the environment. The extremely high organic 
content of the cheese whey  made with the implementation of 
aerobic inefficient due to the high cost of supplemental oxygen 
and the amount of sludge deposited quite a lot and produces bad 
smelling [5]. The highest organic content of cheese production 
plant treated basically feasible wastewater by anaerobic digestion 
method is to treat of [5]. Only about half of the degradable organic 
compounds in wastewater can be stabilized by aerobic digestion, 
whereas up to 90% can be degraded in anaerobic digestion [6]. 
Anaerobic digestion requires complex reactions, which 
involve various groups of undefined anaerobic microorganisms 
including methane producing archaea [7]. Most of the anaerobic 
reactor types tried have achieved quite satisfactory removals of 
COD. Various types of anaerobic reactors have been used in 
laboratories to anaerobically treat whey, ranging from up-flow 
anaerobic sludge blanket to the simplest plug flow reactor type. 
COD removal in a lab-scale rotating biological reactor 
(anaerobic) for hydraulic retention time (HRT) is achieved even 
higher COD removal over 98% [8]. Anaerobic digestion is the 
only viable method for treating biological (or at least pretreating) 
wastewater. 
2. EXPERIMENTAL DETAILS 
A. Process Anaerobic Digestion 
The first step is hydrolysis where microorganisms help 
enzymatic hydrolysis processes that produce extracellular 
enzymes cellulase, amylase, protease, and lipase. Complex 
organic polymer decomposes into the simple soluble monomer. 
Protein is broken down into smaller molecules i.e amino acids, as 
well as the lipid becomes long and short chain fatty acids and 
carbohydrates into sugar and glucose. 
The second step is acidogenesis, where small molecules 
resulting from hydrolysis is converted by bacterial fermentation. 
The bacteria acidogens served as product mix of volatile fatty 
acids such as acetic, propionic, and butyric acid and other small 
products such as hydrogen, carbon dioxide, and acetic acid. 
Acidogenesis usually the quickest step converts anaerobically 
complex organic materials in a liquid-phase process of digestion. 
In the third step, the next acetogenic bacteria convert the 
volatile fatty acids acetate, carbon dioxide, and hydrogen. The 
third step provides a substrate for methanogenesis step that is 
last in the anaerobic processes for the production of methane. A 
stable anaerobic digestion process requires maintaining a 
balance between microbial populations. 
Microbes on the stage of hydrolysis and acid-forming ability 
acidogenesis have the most powerful and growing environment. 
The ability of microbes to adapt to the environment is very good. 
Microbes can react quickly to food provided by the environment 
so that the concentration of fatty acids can rise very quickly. The 
pH range is maintained in the normal state by the presence of a 
buffering system provided by CO2 in the form of bicarbonate 
(HCO3-) on the condition of alkalinity. However, if the 
concentration of the acid buffer capacity of the system can cope, 
the pH value can be outside of the boundaries of acceptable 
bacteria acidogenic and methanogenic (methane-forming). When 
this happens, stop the production of methane and acid levels rise 
to the level of tolerance of acid-forming, resulting in system 
failure. In addition to pH, a temperature is an important factor that 
affects the balance between microbial populations. Sudden 
changes in temperature greatly affect the forming of methane, 
thus affecting the acid-forming. Any changes have strongly 
influenced the formation of methane and increase the 
concentration of the acid, which in turn reduces the methane-
forming activity. Based on the explanation of the stages of the 
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formation of methane by anaerobic digestion, the process can be 
divided into four steps as shown in Figure 1. 
A long molecule: Carbohydrates, fats, proteins 
 
 
A small molecule:  
Sugar, fatty acids, amino acids 
 
 
Volatile fatty acids 
 
 
Acetic acid, hydrogen,  
carbon dioxide 
 
 
 
Methane and carbon dioxide 
Fig.1. The Four-Step Anaerobic Digestion Process 
B. Factors Affecting Methane Production 
Digester Design 
The base for design of anaerobic digestion systems is the 
slowest step during digestion, which is usually the conversion of 
biodegradable non-dissolved organic solids into soluble 
compounds. One of the simplest designs Continuous Stirred 
Tank Reactor (CSTR) is a continuously stirred tank reactor, but 
one challenge is the loss of cells in the effluent. Cell retention can 
be achieved by internal or external recycling of the biomass or cell 
immobilization [9]. The CSTR is generally used for treatment of 
slurries with a total solid percentage of approximately 2 ̶ 10%. 
CSTR systems are applied in practice for treating animal manure, 
sewage sludge, household waste, agricultural wastes, faeces, 
urine and  kitchen waste or mixtures of these substrates. 
Mixing with the stirred substrate can produce a homogenous, 
preventing stratification and final formation on the surface of 
solids are kept in suspension. The relationship resulted in 
bacteria, substrate, and the liquid has the same retention time so 
sludge retention time is the same as HRT. Digester volume 
ranges from approximately 100 m3 to 1000 m3 with a retention 
time of 10 ̶ 20 days, so the capacity of methane production is 6-
400 m3 per day [10]. 
The up-flow anaerobic sludge blanket reactor is the most 
common and suitable configuration for food industry wastewater 
treatment due to its ability to treat large volumes in a relatively 
short period of time [7]. The key to the commercialization step 
was the design and engineering of simple but efficient internal top 
works (settler) to effectively de-gasify the biomass and ensure its 
retention in the reactor vessel. Wastewater enters the bottom of 
the reactor vessel through an inlet distribution system and passes 
upward through a dense anaerobic sludge bed. COD dissolved 
then converted into biogas, which is rich in methane and 
recirculate to the top of the water, establish well-settleable sludge. 
The specially constructed settler sections allow an effective 
degasification so sludge particles devoid of attached gas bubbles 
sink to the bottom establishing a return downward circulation. 
Reference [11] observed optimal influent concentrations for a 
up-flow anaerobic sludge blanket reactor between 5 and 28 g of 
COD/L with 5 days HRT. The unique design of the reactor allows 
a highly active biomass concentration in relation to soluble 
organic solids passing through the sludge bed and is responsible 
for the very high loading rate with short HRT, which can be readily 
achieved. 
Two-Stage Fermentation 
Concentrated slurries and waste with a high lipid 
concentration should preferably be treated in a one-stage 
digester for two reasons. (1) Lipids will not be hydrolyzed in the 
absence of methanogenic activity. (2) The possible decrease of 
the lipid-water interface in the first stage of a two-stage sludge 
digester can result in a longer sludge retention time in the second 
stage [12]. Moreover hydrolysis and acidification of proteins and 
carbohydrates are not promoted by acidogenic conditions [13]. 
The two-phase anaerobic treatment system of a CSTR as the 
acidogenic and a UFAF as the methanogenic in the up flow 
anaerobic filter product the biogas (0.550 m3 per kg COD 
removed) of 4 days. A two-phase anaerobic treatment system as 
the methanogenic reactors is demonstrated to be an efficient 
combination in the treatment of cheese whey [1]. The operation 
of 2 separate digesters in series allows optimization of conditions 
for each of the 2 groups of microorganisms, decreases cost, and 
enhances process efficiency [14,15]. The 2-stage anaerobic 
treatment is the most suitable for wastewater containing high 
levels of organic solids [2]. Despite the advantages of a 2-stage 
process, complete acidification in a separate step can prevent 
the formation of granular biomass in the anaerobic digester [16], 
which is important to the operation of many digester designs. 
In addition to the 2-stage process anaerobic biogas products, 
there are also Three-stages of methane fermentation system to 
digest the food waste with whey as its part. The system consists 
of semi anaerobic hydrolysis, acidogenesis anaerobic and strict 
anaerobic methanogenesis have been modified and developed 
with efficient results. Examination effects of temperature and 
HRT on the methanogenesis operating temperature is adjustable 
from 30-50˚C and HRT for 12-d. The result is the highest 
methane in the reactor when the HRT of 12 day used (0.223 m3 
CH4/kgs COD degraded). However, two stage have a superior 
role consists of the stages of fermentation that acidogenesis and 
methanogenesis.  
The combination of the two-stage fermentation system can be 
done by two different reactors produce methane higher than 
three-stage, which produces high methane when using up flow 
fixed-film reactor and Continuous Stirred Tank Reactor to result 
in 85.9% of methane as shown in Table 1. 
TABLE I. ANAEROBIC DIGESTER OF MESOPHILIC 
FERMENTATION CONDITIONS 
Feed1 Reactor2 
pH Contol  
HRT3 (d) CH4 (%) Reference (1st, 2nd 
stage) 
CPW 
CSTR-
CSTR 6.0, 7.0 5.7 74 [17] 
PUFW UASBR 6.8 4 73 [18] 
W UFFR 6.9 6.4 85,9 [19] 
W 
CSTR-
CSTR 6.0, 7.0 6 68,3 [20] 
1CPW=Cheese Plant Whey, PUFW=Permeate UF From of Whey, 
W=Whey 
2CSTR=Continuous Stirred Tank Reactor, UASBR=Upflow Anaerobic 
Sludge Blanked Reactor, UFFR= Upflow Fixed-Film Reactor 
3HRT 
A two-stage process where a microfiltration membrane 
retained microorganisms increased the volatile soluble solids 
from 6.4 to 10 g/L and reached a 98.5% COD removal with gas 
production exceeding 10 times the volume of the reactor [21]. 
Although no methane was produced in the first stage, 18% of the 
COD was removed.  
Hydrolisis 
Acidogenesis 
Acetogenesis 
Methanogenesis 
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pH Control 
Ammonia formed during the decomposition of nitrogenous 
compounds plays an important role as a buffer [22]. It can make 
pH drops rapidly, for it is necessary to control pH. Figure 2 
illustrates the degradations of the three main constituents in dairy 
wastewater carbohydrate, protein, and lipid, increased with pH. At 
pH 4.0, 69%, 34% and 16% of carbohydrate, protein, and lipid 
were degraded. Degradation of carbohydrate increased to 95% at 
pH 5.5, reaching 98% at pH 6.5. Degradation efficiency of 
carbohydrate was pH sensitive at pH less than 5.5; this is 
consistent with the previous finding that fermentation of lactose, 
the key constituent of carbohydrate in dairy wastewater, was 
mainly regulated by pH, and was independent of HRT and lactose 
concentration [23]. Degradation of protein reached a maximum at 
pH 6.5, similar to those reported by others. The low conversion of 
protein under acidic conditions might be attributed to the poor 
solubility of protein and the decrease of enzymatic activity. 
Compared with carbohydrate and protein, lipid had much lower 
degrees of degradation at any given pH, but the variation with pH 
had a trend similar to those of carbohydrate and protein. The 
optimum pH range for acidogenesis is about 5.5 to 6.5 [23,24], 
where it ranges from 6.5 to 7.5 for methanogenesis [25,26,27]. 
 
Fig.2. Degradation of carbohydrate, protein, and lipid 
Temperature 
Mesophilic fermentation systems are commonly used in the 
anaerobic digestion of dairy food wastewater for reasons stated 
previously. An increase in temperature from 20 to 40°C resulted 
in a gradual increase in gas production and proportion of methane 
from a mixture of cheese whey [28]. In such digesters, a second 
peak in gas production was obtained at 60°C [28, 29]. Observing 
show that lactose degradation increase for the acidogenic phase 
from 20 to 55°C with a decline at 60°C [28]. Although oxidation of 
acetate in methanogens done at 57.5°C by a performance of 
anaerobic digesters [30]. The 2 stage also reported that 
thermophilic anaerobic digestion can be a cost effective process 
for treatment of waste with high organic strength because of the 
higher rate of methane production [20] comparing with the 
mesophilic process. The disagreement among research reports 
due to differences in microbial populations. Because defined 
cultures are rarely used in anaerobic digestion research, no 
common conclusion can be drawn on the best fermentation 
temperature for anaerobic digestion of dairy wastes. Thermophilic 
fermentation to be feasible, a significant increase in methane 
production should be accomplished. Therefore, possibilities with 
thermophilic fermentation need to be further explored. At higher 
temperatures, thermophilic bacteria replace mesophilic bacteria 
and a maximum methanogenic activity occurs at about 55°C or 
higher. 
Hydraulic Retention Time 
Despite the waste reduction, the use of anaerobic digestion is 
not widespread in the dairy industries, mainly due to the slow 
reaction rates (high HRT) and the relative process instability in 
conventional reactors [31].The effect of HRT depends on different 
factors, such as temperature and pH. Maximum COD removal 
was obtained at 40°C and 9 d or 60°C and 7-d HRT. A pH of 5.0 
in the acidogenic reactor for 24 hours produced the maximum 
methane with the lowest CO2 and COD levels [20]. The HRT 
affects not only biogas production but also fermentation products. 
The acetate and propionate accumulated when the HRT was 
shorter than 6.25 d, but butyrate accumulated was decreased to 
3.75 d [32]. The acetate, formate, and butyrate concentrations 
were highest at approximately 5 h. However, lactate and ethanol 
continued to increase with HRT shorter than 5 h. At HRT shorter 
than 25 h, acetate, formate, propionate, and butyrate increased 
and methane production decreased. Maximum methane 
(mmol/mmol of lactose) was obtained from 25 h to 100 h HRT 
[33]. 
TABLE II. TWO-PHASE ANAEROBIC PROCESSES AT DIFFERENT 
HRT’S 
Process HRT (days) 
Overall 
COD 
Rate of 
COD 
CH4 content in 
total 
 removal 
(%) 
Removal 
(gCOD/L/d) 
gas production 
(%) 
Two-Phase 10.0 96.4 0.97 70.1 
 7.5 96.0 1.29 69.6 
 6.0 93.4 1.57 68.3 
 4.5 81.7 1.87 68.1 
 3.0 64.1 2.31 65.1 
  1.5 8.1 0.54 ND 
ND: Not detected. 
The process efficiency based on COD reduction and methane 
production decreased sharply when the HRTs of two-phase 
processes were shorter than 7.5 and 4.5 days. In addition, no 
production of methane gas was observed for two-phase 
processes at 4.5 and 1.5 days HRT, respectively, which indicated 
that the washout of methanogens occurred. Continuous COD 
removal at these points, however, were likely due to the 
acidogenic activities such as growth and CO2 evolution in the 
system because the HRTs, 3.0 and 1.5 days for two-phase 
systems, respectively, did not exceed the maximum growth rate 
of the acidogens utilizing similar substrates [33,34,35]. Therefore, 
it could be concluded that two-phase process with temperature 
20 ̶ 55˚C at mesophilic condition showed a better performance in 
6 to 10 day HRT reduce 93,4 ̶  96,4% overall COD removal.  
3. CONCLUSIONS  
Anaerobic digestion is the most suitable option for the 
treatment of high strength organic effluents. The presence of 
biodegradable components in the effluents coupled with the 
advantages of anaerobic process over other treatment methods 
makes it an attractive option. Increasing the methane proportion 
in biogas is important for generating energy and reducing the 
amount of CO2 released. Digester designs using 2 stages with 
separation between the acidogenic and methanogenic reactions 
that retain high cell loading seem to be the most successful. The 
reactor pH should be maintained at 5 ̶ 6 and 6 ̶ 7 in the acidogenic 
and methanogenic stages, respectively. For practical reasons, 
mesophilic conditions are recommended at 20 ̶ 55˚C and the 
methane will be produced 74 ̶ 85.9%. 
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Abstract: This study investigated the antioxidant potential of various extracts of Azadirachta indica leaf. Antioxidant activities were 
characterized by its reducing power, DPPH scavenging, hydroxyl radicals scavenging and hydrogen peroxide scavenging activit ies. All 
antioxidant assays showed that ethyl acetate fraction possesses the strongest antioxidant activities and the highest total phenol 
content. Two major compounds (quercetin-3-O-galactoside and quercetin-3-rhamnoside) and four minor compounds (ferulic acid, 
myricetin, kaempferol and quercetin) were isolated. The structures of the two major compounds were identified from UV-Vis and LC-
MS-MS chromatograms.  
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1. INTRODUCTION 
Azadracta indica A. Juss (neem) is an evergreen tree in the 
Meliaceae family, found throughout Asia, America and Africa. The 
plant has various biological activities such as antiviral [1], 
antibacterial [2] antihyperglycemic [3], hypotensive [4], antifungal 
[5], anti-inflammatory and antipyretic [6].  
Many compounds have been isolated from various parts of 
neem and most of these compounds are limonoids, azadirachtin 
and nimbolide, and several triterpenes [7]. The aim of this work 
was to investigate the antioxidant potential of various solvent 
fractions of methanolic extract from Indonesian neem leaves and 
to isolate and characterize antioxidant compounds from solvent 
fraction with the highest antioxidant activity.  To the best of the 
authors’ knowledge this work is the first to report the isolation of 
quercetin-glycosides from neem leaves. . Quercetin glycosides 
have been suggested to have better absorption when consumed 
compared to that of the normal quercetin without the sugar moiety 
[8]. 
2. EXPERIMENTAL DETAILS 
A. Materials  
Neem leaf powder was purchased from PT. Intaran (Bali, 
Indonesia). Thin layer chromatography (TLC) silica gel (60 F254) 
aluminum sheet (20 x 20 cm) was supplied by Merck (Darmstadt, 
Germany). Advantec filter paper was obtained from Toyo Roshi 
Kaisha Ltd. (Tokyo, Japan). Silica gel (70-230 mesh) was 
obtained from Silicycle (Quebec, Canada). Phenolic standards 
(ferulic acid, quercetin, myricetin, and kaempferol) and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) were obtained from Sigma 
Aldrich Co. (St. Louis, MO). All solvents (HPLC grade) were 
obtained from commercial sources. 
B. Extraction and solvent partitioning  
For crude extract (CE) preparation, dried leaf powder (200 g) 
was extracted three times at 25 oC each with 2 L 80% methanol 
on an orbital shaking incubator for 24 h. Each extract was filtered 
using filter paper (Whatman No.1). All filtrates were combined and 
solvent was removed by using a rotary evaporator. The CE 
obtained was dissolved in water and n-hexane was added. The 
mixture was allowed to separate into two phases in a separation 
funnel to obtain the n-hexane fraction (HF). Further partioning of 
the remaining water fraction with other solvents was done using 
the same procedure described previously to obtain ethyl acetate 
fraction (EaF) and butanol fraction (BF). The final water 
suspension was filtered to obtain the water fraction (WF). 
C. Antioxidant activity 
1. Reducing power  
The reducing powers of the extract fractions and standard α-
tocopherol were determined according to the method described 
by Meir et al., [9]. In brief, sample was mixed with phosphate 
buffer (2.5 mL, 0.2 M, pH6.6) and potassium ferricyanide (2.5 mL, 
1%). The mixture was incubated at 50 oC for 20 min, 
trichloroacetic acid (TCA) (2.5 mL, 10%) was added and the 
mixture was centrifuged (3000xg, 10 min). The upper layer (2 mL) 
was mixed with distilled water (2.5 mL) and FeCl3 (0.5 mL, 0.1%), 
and its absorbance was measured at 700 nm using a 
spectrometer.  
2. Radical scavenging activity  
The slightly modified method of Hassan et al., [10] was 
employed to measure the DPPH quenching ability of sample. The 
stock solution (300 μg/ mL) was diluted to varying concentrations 
(0.2-200 μg/ mL) in a 96-well microplate with a final volume of 
100 μL for each well. Sample or standard was mixed with 100 μL 
DPPH (0.051 mM in methanol) in each well. The plate was well 
shaken, wrapped with aluminum foil and placed in dark for 30 min 
at 25 oC. Then the absorbance was measured at 517 nm using an 
ELIZA reader. A methanol solution of DPPH was served as the 
control.  
 
3. Hydroxyl radical scavenging activity  
The reaction mixture (1.0 mL) in a test tube containing 100 μL 
2-deoxy-2-ribose (28 mM in 20 mM KH2PO4-KOH buffer, pH7.4), 
500 μL sample and standard in KH2PO4-KOH buffer (20 mM, 
pH7.4), a mixture of EDTA (1.04 mM, 100 μL) and FeCl3 (200 μM, 
100 μL), H2O2 (1.0 mM, 100 μL), and ascorbic acid (1.0 mM, 100 
μL) was incubated at 37 oC for 1 h. thiobarbituric acid (1%, 1 mL) 
and  trichloroacetic acid (2.8%, 1.0 mL) were added to the test 
tube and incubated at 100 oC for 20 min. After cooling, the 
absorbance was measured at 532 nm using a spectrophotometer 
against a control containing deoxyribose and buffer. Quercetin 
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was used as a positive control. Percent inhibition was determined 
by comparing the results of the test and control compound. 
4. Hydrogen peroxide-scavenging activity  
A solution of H2O2 (40 mM) was prepared in phosphate buffer 
(pH 7.4). H2O2 concentration was determined from absorption at 
230 nm. Sample (0.9 mL) with a concentration of 100-500 μg/mL 
in water, was added to H2O2 solution (40 mM, 0.6 mL) [11]. After 
10 min the absorbance at 230 nm was determined against a 
blank solution of phosphate buffer.  
D. Total phenol content (TPC) 
TPC was measured following the method of Kim et al., [12] 
with slight modification. In brief, 200 μL standard gallic acid 
solution (10-50 μg/mL) and sample (1 mg/ mL) was put in test 
tube, and deionized distilled water (1.8 mL) was added. Folin-
Ciocalteu’s phenol reagent (200 μL) was added and the solution 
was thoroughly mixed and allowed to stand for 3 mi. Na2CO3 
solution (7%, 400 μL) was added with mixing. The solution was 
then diluted to a final volume of 4 mL with water and mixed 
thoroughly. After 90 min at 25 oC the absorbance was read at 750 
nm. Water was used as the blank. TPC are expressed as 
milligrams of gallic acid equivalents (GAE) per gram of dried 
extract. 
E. Total flavonoid content (TFC) 
TFC was determined by using the aluminum chloride 
colorimetric method [13] with catechin as the standard. Briefly, 1 
mL catechin solution and extract (1 mg/mL) were mixed with 
water (4 mL) in a test tube, followed by adding 0.3 mL NaNO2 
solution (5%). After 6 min, AlCl3 solution (10%, 0.3 mL) was 
added and allowed to stand for 5 min before NaOH (1.0 M, 2 mL) 
was added. The mixture was thoroughly mixed and the 
absorbance was measured at 510 nm. Results were expressed 
as mg catechin equivalents per g of dried solvent fraction.  
F. TLC screening  
TLC was used for qualitative screening of constituents in the 
CE. TLC analysis for ethyl acetate extract screening was 
performed on TLC plate using ethyl acetate: dichloromethane 
(4.5:0.5, v/v) as the mobile phase. Reactive compounds were 
visualized after spraying the plate with a methanol solution of 
DPPH (0.02%, w/v).  
G. Column chromatography  
Column chromatography using silica gel and Sephadex LH 20 
stationary phases was used to separate active compounds in the 
extracts by activity assay-guided fractionation. The EaF was 
subjected to silica gel column chromatography with gradient 
elution using a mixture of ethyl acetate and dichloromethane as 
the elution solvent. A total of 21 fractions were collected. 
Fractions 4-6, 7-9, 10-12, and 13-14 were combined and re-
chromatographed separately on Sephadex LH-20 column and 
eluted using ethyl acetate: dichloromethane (4.5:0.5, v/v). Ferulic 
acid, myricetin, kaempferol and quercetin were isolated from 
combined fractions 4-6, fractions 7-9, fractions 10-12 and 
fractions 13-14, respectively. Similarly fractions 14-20 were 
combined and re-chromatographed on Sephadex LH-20 column 
with methanol: chloroform (8:3.5, v/v) as the eluent. The same 
chromatography system was applied for isolating compounds in 
fraction 21. Major compounds in the EaF were isolated from the 
combined fractions (14-20) and the last fraction (21).  
H. HPLC analysis  
Phenolic compounds were identified using HPLC following the 
modified method of Zhou et al. [14].  A 20 μL aliquot of sample 
was separated using a Jasco HPLC System (Model USA). Peaks 
were detected with a multi-wavelength UV-vis detector (Jasco, 
USA) operated at 280 and 360 nm. Separations were achieved 
using 5-μm Phenomenex Luna C-18(2) column (240 mm x 4.6 
mm; Phenomenex, USA). Gradient elution was performed using 
solvent mixture A (water: acetic acid, 100:1, v/v) and solvent 
mixture B (methanol: acetonitrile: acetic acid, 75:25:1, v/v/v) as 
follows: 0-2 min, 5% B; 2-10 min, 5-25% B; 10-20 min, 25-40% B; 
20-30 min, 40-50% B; 30-40 min, 50-100% B; 40-45 min, 100% 
B; 45-55 min, 100-5% B. Solvent flow rate was 1.0 mL/ min. Peak 
identities were confirmed by comparing their retention times with 
those of standards. 
I. UV-Vis analysis  
UV and visible absorption spectrum of the major compounds 
in the most active fraction was scanned from 200-800 nm to 
determine its maximum absorption band. 
J. LC-MS/MS analysis  
The analysis was performed using a API 4000Q-TRAP LC-
MS/MS System, equipped with an electrospray ionization (ESI) 
source and an 1100 Series HPLC System (Agilent, Waldbronn, 
Germany), including an 1100 Series diode array detector (DAD). 
Enhanced mass spectra (EMS) and enhanced product ion 
(EPI) scans were used to gain structural information about the 
molecules. Electrospray mass spectra data were recorded on a 
negative ionization mode for a mass range of 0-500 m/z. CE was 
set at -35 eV and -55 eV. Column,  mobile phase,  and gradient 
elution used were the same as those in the HPLC analysis. 
3. RESULTS AND DISCUSSION 
A. Extraction and separation 
After the powdered leaf of Azadirachta indica (200 g, mesh 60) 
was extracted three times with 80% methanol, the amount of CE 
obtained was 48.1 g (Table 1). Four solvent fractions (0.87 g HF, 
2.84 g EaF, 9.89 g BF, 25.01 g WF) were obtained from crude 
methanol extract using solvent-solvent fractionation. 
B. Total phenolics and flavonoids contents 
TPC and TFC of various fractions are summarized in Table 1. 
The highest TPC was found in the EaF followed by BF and WF, 
while HF had the lowest TPC. TFC on the other hand decreases 
in the following order: BF > EaF > HF > WF. 
C. Antioxidant activity 
Figure 1A shows the reductive capabilities of various extract 
fractions against the control (α-tocopherol, Toc). It was found that 
the reducing power of the extracts increased with increasing 
concentration, EaF and BF showed higher reductive potential 
(p<0.01) than that of CE, HF, WF and Toc. 
It can be seen from Figure 1B that EaF has the highest activity 
in all extract fractions. The difference observed at lower 
concentration (<100 μg/ mL) is highly significant (p<0.01). Similar 
trend was also observed for BF with p<0.05. For instance at 25 
μg/mL CE didn’t show free radical scavenging activity, but 
52.82±0.7% and 38.03±0.67% inhibition were exhibited by EaF 
and BF, respectively. Though (ascorbic acid) AA had ≥95% 
inhibition in the concentration range tested, the active fractions 
(EaF, BF and CE) had comparable inhibition at concentrations ≥ 
200 μg/mL. The IC50 values of various fractions are summarized 
in Table 1 and they follow the order: AA < EaF < BF < CE < WF < 
HF.  
In this study, hydroxyl radicals scavenging activity was 
quantified by measuring the inhibition of the degradation of 
deoxyribose by free radicals. When extract fraction of neem leaf 
and the reference quercetin were added to the reaction mixture, 
they removed hydroxyl radicals from the sugar and prevented the 
degradation. The results are shown in Figure 1C. All extract 
fractions exhibited significant reducing (p<0.05) on DNA damage 
with its inhibition ability increasing with concentration. The 
hydroxyl radicals scavenging effect of various extract fractions of 
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neem leaf and standards decreased in the order: Que > EaF > BF 
> CE > WF > HF.  
The ability of extracts to scavenge H2O2 was determined and 
the results are shown in Figure 1D. Extract fractions were capable 
of scavenging H2O2 in a dose-dependent manner, especially for 
EaF and BF. CE at 50 g/mL exhibited only 5.6 scavenging activity. 
On the other hand, at the same concentration; EaF, BF and the 
standard BHT showed 49.43, 35 and 59.95 activity, respectively. 
Significant differences (p<0.01) were exhibited between all extract 
fractions and CE at lower concentration ranges. The IC50 values 
are summarized in Table 1. They follow the order: BHT < EaF < 
BF < CE < HF < WF.  
Antioxidant compounds were present at higher concentrations in 
EaF which gave the highest antioxidant activity and TPC. Hence 
EaF was selected for further purification and isolation of the 
antioxidant compounds.  
D. Isolation of compounds 
The HPLC chromatogram of EaF exhibits 8 well resolved peaks 
(Figure 2A). Silica gel column chromatography was successfully 
used to isolate all 8 compounds. Two major components (C4 and 
C6) were identified based on UV and LC/MS/MS methods while 
other minor compounds were identified by RP-HPLC, comparing 
their retention times with those of authentic standards: ferulic acid 
(t = 20.5 min), myricetin (t = 22 min), kaempferol (t = 37 min), 
quercetin (t = 32 min). Other trace components (peaks no. 2 and 
no. 5) cannot be identified due to lack of standards and the 
isolates were too dilute for NMR analysis. 
E. UV-Visible Analysis 
Typical UV-Vis spectra of flavonoids include two absorbance 
bands. For flavonols, band A lies in 350-385 nm and band B in 
250-290 nm [15]. The results for C4 (Figure S1A) show that there 
are 2 main peaks (λmax) at 262 and 358 nm suggesting that C4 
could be flavonol. However there is no reference report of UV 
spectra close to the absorbance of C4. C6 has maximum 
absorbances (λmax) at 267 and 349 nm (Figure S2B) suggesting 
that it could be flavone. 
 
Table 1. Total phenolics and flavonoids contents; extraction yield; 
scavenging effect (IC50) on DPPH radicals, hydrogen peroxide, and 
hydroxyl radicals of extracts of neem leaf 
Values are expressed as mean ± SD of triplicate measurement. 
Numbers on the same column with different letter are 
significantly different p<0.05. ”-“: not applicable/done 
 
 
  
Figure 1. Antioxidant assays of 80% methanol extract and 
fractions 
Figure 2. HPLC chromatogram of the EaF: The peaks identified 
 (1) Ferulic acid, (3) Myricetin, (7) Quercetin, and (8) Kaempferol 
Neem 
leaf 
solvent 
fraction 
Extract 
yield 
(g) 
TPC 
(mg of 
gallic 
acid 
equiva
lent/g) 
TFC 
(mg 
of 
catec
hin 
equiv
alent/
g) 
IC50 
DPPH 
assay 
(μg/ml) 
IC50 
Hydrox
yl 
radical 
assay 
(μg/ml) 
IC50 
H2O2 
assay(μ
g/ml) 
HF 0.87±0.01e 
32.51±
0.9d 
25.6±
2.2b 
220.92
±2.3f >200
f >250e 
EaF 2.84±0.1
 
d 
233.09
±2.7a 
51.3±
7.6a 
64.33±
0.7b 
81.77±
0.3b 
95.8±1.
1b 
BF 9.89±0.21 c 
135.88
±1.2b 
53.6±
5.2a 
77.39±
0.6c 
107.36
±1.3c 
123.9±2
.2c 
WF 25.01±1.3 b 
47.01±
1.1c 
13.4±
3.1c 
125.61
±1.7e >200
e >500f 
CE 48.1±2.4
 
a - - 
112.29
±1.8d 
139.88
±1.2d 
165.06±
2.8d 
Ascorb
ic acid - - - <2
a - - 
BHT - - - - - 71.94±1.9a 
Querce
tin  - - - - 
50.68±
1.1a - 
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From previous study, C6 was considered as a luteolin derivative 
[16]. Zhu et al., [17] isolated a compound with similar UV spectra 
to that of C6 and identified it as luteolin-7-O-β-D-glucopyranoside. 
C6 is a yellow powder. However, UV-Vis analysis cannot provide 
complete information about the structures but it can be used as 
an indicative tool for characterization of C-ring, whereas MS 
spectra could provide additional, significant information. 
F. LC-MS-MS analysis 
Identification of C4 and C6 was carried out by comparing m/z 
values of their molecular ions and their MS/MS spectra with 
MS/MS spectra library. Data of the LC-MS total ion chromatogram 
(TIC) obtained in the negative enhanced full scan mode (EMS) 
confirmed the formation of C4 at 26.37 min (Figure S2A). After 
subtraction of the culture control TIC chromatograms, the 
resulting full mass spectra of C4 was evaluated in detail. EMS 
(Figure S2B) and MS/MS (Figure S2D) spectra of this compound 
show a major ion fragment at m/z 463. Scanning between 50 and 
600 amu showed the molecular ion of C4 at m/z 250 (Figure 
S2C). The resulting full scan mass spectra, Figures 4D & 4E, 
obtained at collision energiess of -35 eV and -55 eV, respectively 
shows a major fragment ions at m/z 300, probably corresponding 
to the loss of a rhamnose, glucose or galactose moiety from 
glycoside.  
Fragmentation pattern of MS/MS spectra from EPI scan 
shows ions at m/z 463, m/z 301, m/z 300, m/z 271, m/z 255, and 
m/z 228 (Figure S2D). The MS/MS spectra show similarities to 
the MS/MS spectrum of quercetin-3-O-galactoside 
(glucoside/hexoside) [26]. Hence C4 was identified as quercetin-
3-O-galactoside or hyperoside (m/z 463) by neutral loss scan of 
162 mass units from m/z 463 to m/z 301, respectively. The loss of 
162 mass units may be due to the loss of galactose, glucose or 
mannose [18].  
Neutral loss scan of 162 and 132 mass units revealed the 
presence of compounds with a hexose (galactose or glucose) or a 
pentose (arabinose or xylose) unit [19]. The mass measured for 
the [M – H]- ion of C4 was m/z 463.1, whereas the calculated 
value of quercetin-3-O-galactoside (C21H20O12) is m/z 464.38.  
Total ion chromatogram shows C6 at 29.49 min (Figure S3A). 
Scanning between 50 and 600 amu shows the molecular ion of 
C6 at m/z 250 (Figure S3C). EMS (Figure S3B) and MS/MS 
(Figure S3D) spectra of C6 show a major ion fragment at m/z 
447. The EPI scan produced fragment ions such as m/z 447, 300, 
271, and 255. Some characteristic fragments of quercetin, such 
as ions at m/z 271 and 255 could be also found in the MS/MS 
spectrum of C6. The corresponding MS/MS spectrum, Figures 
S3D and S3E, obtained at collision energies of -35 eV and -55 
eV, respectively shows a major fragment ion at m/z 300. The loss 
of 147 unit mass from m/z 447 to 300 is most likely due to the 
breakdown of pentose and deoxyhexose, respectively [18]. From 
these evidence, C6 was identified as quercitrin or quercetin-3-
rhamnoside. 
The mass measured for the [M – H]- ion of C6 was m/z 447.2, 
whereas the calculated value of quercetin-3-rhamnoside 
(C21H20O11) is m/z 448.09. 
4. CONCLUSIONS 
Azadirachta indica leaf exhibited strong antioxidant effect and 
80% methanol extract partitioned with ethyl acetate is a good 
source for phenolic compounds. Searching for antioxidant 
compounds resulted in successful isolation of four minor 
compounds (ferulic acid, myricetin, kaempferol, quercetin) and 
two major compounds (quercetin-3-O-galactoside and quercetin-
3-rhamnoside). The antioxidant potential of these compounds 
could provide a chemical basis for utilizing neem as functional 
food supplement and as vegetable, moreover for some of the 
health benefits claimed for Azadirachta indica in folk medicine 
and warrant further studies to assess their potential as an 
effective natural medicine. 
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Biogas Purification under Different Sheet Nylon Mesh and Flow Rate  
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Abstract: Biogas is a renewable energy source produced by anaerobic digestion or fermentation is the result of organic materials. The 
raw materials used one of them is livestock manure. In this study, the use of cow dung as raw material. The research to be conducted 
on biogas purification. Purification is done to reduce the impurities contained in the biogas, which contains among other things the 
biogas is CH4, CO2, H2O, H2S, N2 and which is the source of energy is CH4. Impurities contained in biogas affect the optimization in 
the use of biogas. The purpose of this research is to increase the percentage of methane in the biogas quality improvement using 
nylon sheet as a filter. Size filter (Mesh) varies nylon sheet, 200 mesh, 300 mesh and 500 mesh. This study shows the content prior to 
purification of biogas is methane gas amounted to 34.1% and 65.9% Carbon Dioxide. After the biogas purification process increased 
levels of methane. CH4 highest levels in this study were obtained in the process of purification using nylon sheet with a size of 500 
mesh and a flow rate of 1 L/min at 62.6%. 
Keywords: Biogas, filter, methane, nylon, purification     1 
                                                        
e-mail: dullascurtin@yahoo.com* 
1. INTRODUCTION 
Abundance of natural resources in Indonesia is not in doubt. 
Indonesia's natural resources are abundantly used in various 
sectors. One of them to meet the demand for energy resources. 
Demand for energy in Indonesia is huge so if you rely on one on 
natural resources, namely oil, is not enough to meet the energy 
needs of Indonesia, let alone oil production progressively 
decreased. The decline in petroleum production is impacting the 
shortages of petroleum products. This is one reason to look for 
other energy sources that use the wealth of natural resources in 
Indonesia. Lately, the study will be the development of a wide 
variety of energy sources more and more. The energy sources 
that use a lot of raw materials from nature. 
In fact, the raw material used is a material that most are not 
used anymore. Availability of raw materials will be a source of 
energy that has been developed is now also abundant in nature. 
The availability of abundant raw materials is one of the bases to 
develop new renewable energy sources. Renewable energy 
sources is also not restricted availability during the continuing 
process of production, in contrast to an energy source derived 
from petroleum that can not be renewed. Renewable energy 
sources are developed today is biomass and one example is the 
biogas. Biogas is a renewable energy source produced by 
anaerobic digestion or fermentation is the result of organic 
materials. Biogas can be used as a new source of energy to help 
demand for energy in Indonesia. Availability of raw materials for 
biogas abundant, became one of the factors to be the 
development of biogas production. The raw materials used one of 
them is livestock manure. In this study, the use of cow dung as 
raw material. 
The research to be conducted on biogas purification. 
Purification is done to reduce the impurities contained in biogas, 
to which the content of the biogas include CH4, CO2, H2O, H2S, 
N2 and which is the source of energy is CH4. Impurities contained 
in biogas affect the optimization in the use of biogas. If the 
impurities contained in the biogas is reduced, the biogas 
produced will be more optimal at the time of use. The composition 
of biogas varies depending on the origin of the anaerobic process 
that occurs in the biogas production process. In general, the 
content of CH4 contained in biogas ranges from 55-75%, and the 
rest is impurity. In 1m3 of biogas calorie value is 6000 W h which 
is equivalent to half a liter of diesel oil. Therefore, biogas is 
suitable if used as an alternative fuel is an environmentally 
friendly substitute for kerosene (kerosene), LPG, butane, and 
other fuels derived from fossil fuels.  
The content of impurities in the biogas is CO2. This CO2 can 
lower heating value of biogas, so it ought to be eliminated. 
Besides CO2, other impurity in the biogas is H2S. H2S can cause 
problems in the plant, the environment and society. At the plant 
H2S may cause corrosion, usually in the compressor, storage 
areas and even gas engine. In principle, this research aims to 
obtain biogas with good quality through purification process by 
examining the effect of the use of nylon sheet with a set 
difference of flow rate and by conducting comparative size filter 
(mesh) to the quality of the biogas with quality parameters CH4 
contained in biogas resulting from the purification process, as well 
as reduced levels of impurities contained by biogas.  
2. MATERIALS AND METHODS 
 Materials used are cow dung, water, nylon sheet, 3/4 inch 
diameter PVC pipe. The tools used in this study is the digester 
volume of 2000 liters, hose diameter of 0.5 inches, the filter 
housing, gas valve, venoject 5 ml, 12 ml syringe, compressors, 
flow meter, manometer. 
 
Biogas 
 Enter a raw material such as cow manure and water into a 
fermented with a comparison between cow dung and water is 1: 
1. After that, stir until evenly mixed, avoid dirt still clot. Then, 
fermented raw materials for approximately 4 weeks to form 
biogas. 
Biogas Filter Process 
 Take the initial sample, the output from the digester biogas 
outlet and insert it into the storage area of biogas sample, in this 
case used venoject 5 ml. Then the production capacity of biogas 
into the next container of tires supplied to a series biogas 
purification tool that uses nylon sheet. Then, adjust the flow rate 
of biogas heading into housing contained nylon filter. Stream 
biogas for 5 minutes grab sample outlet biogas through the nylon 
mesh 200, 300 and 500 with a flow rate of 1 L/min and put in 
place sample storage biogas. Repeat the above procedure for a 
flow rate of 2 L/min and 3 L/min in each size mesh that has been 
provided. 
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Sample Analysis 
 Measure the levels of methane and carbon dioxide from 
each sample, the sample initial biogas and biogas samples after 
purification is done using Gas Chromatography (GC). Biogas 
composition analysis will be conducted at the Research Institute 
of Agricultural Environment, starch, Central Java using a Gas 
Chromatography (GC) in order to know the composition of the 
biogas that is the composition of CH4 and CO2. Analytical 
procedures as follows: 
1) Samples biogas inserted into the sampling bulb 
2) Sampling bulb connected by hose injector and then 
turned on the gas injector 
3) Button is pressed to start the process carrier gas 
separation 
4) Decoder switched on and wait a while, then the data 
from the sample analysis of biogas will be printed by the 
decoder. 
Schematically a series biogas purification tool is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic Biogas Purification Equipment 
 
where:  
1. Digester Biogas 
2. Gas valve 
3. The three branches Nepel 
4. Flowmeter 
5. Housing + adsorbent (activated carbon and white cement 
6. The vacuum pump 
7. Gas sample container holder 
8. Gas Chromatograph 
 
3. RESULTS AND DISCUSSION 
 The use of alternative fuels are now the norm in recent 
times. One alternative fuel which is easy to produce biogas 
containing methane gas. However, the use of biogas is still very 
low and the biogas produced is also still contains a lot of 
impurities that can hinder the combustion process so that its 
calorific value is reduced. To that end, researchers conducted a 
study to increase the percentage of methane in the biogas by 
means of biogas purification using nylon sheet. Nylon sheet has a 
filter size (mesh) different. In this study, researchers used a nylon 
sheet with mesh 200, 300, and 500.  
 Variations of nylon sheet mesh is intended to determine the 
size of the filter that best percentage increase in methane biogas. 
The use of nylon sheet serves as a layer of fiber that will filter 
between CH4 and its impurity in this case carbon dioxide (CO2) 
based on the solubility and molecular size of each compound. In 
addition to a variety of size nylon filter cloth, biogas varies the 
flow rate of 1 L/min, 2 L/min, and 3 L/min. This flow rate variations 
have an impact on the percentage increase or decrease CH4 
percentage of carbon dioxide gas. The flow rate will affect the 
contact time between the feed gas with a nylon sheet that is 
mounted inside the housing. Samples biogas results from this 
study were analyzed using Gas Chromatography is conducted at 
the Balai Penelitian Lingkungan Pertanian, Pati, Jawa Tengah. 
Data analysis results which can be the following: 
 
Effect of Filter Size (Mesh) Sheet Nylon Against Content 
Methane and Carbon dioxide in Biogas 
 Size filter (Mesh) nylon sheet give effect to the purification 
process. With different mesh, biogas stream that passes through 
the nylon sheet will produce pure percentage to the differing 
needs. On the separation of biogas, nylon sheet which has a 
smaller mesh will be easier to pass right by the gas. To study the 
effect of the nylon mesh on levels of CH4 and CO2, researchers 
conducted a purification process with a variety of nylon mesh 
sheet and biogas flow rate. The influence of these nylon mesh 
sheet on levels of CH4 produced after the purification process is 
shown in Figure 2.  
 
 
 
Figure 2. Effect of nylon mesh sheet on the percentage of CH4 in biogas 
 
 From the data obtained and Figure 2 shows that the 
percentage of CH4 has increased along with the increasing size 
mesh nylon sheet used. In this study, the highest levels of CH4 
gas produced on the use of 500 mesh nylon mesh sheet with a 
flow rate of 1 L / min which is equal to 62.6%. With the increasing 
size of filter mesh nylon sheet, the more fiber and the less porous 
to be bypassed by these gases. CH4 gas is not soluble in the 
polymer, so that when it is passed through a nylon sheet which is 
a polyamide, CH4 gas will freely pass through the fibers and 
pores of nylon sheet.  
While CO2 is a molecule aggressive solubility of the nylon 
sheet, so that when passing through the pores of the fiber and 
nylon sheets, CO2 will be trapped in the fibers of nylon sheet and 
give the effect of a plasticizer. CO2 gas entrapped as it diffuses 
and solubility of the polymer causes decreased levels of CO2 in 
the gas stream at the output of biogas purification processes. The 
result of decreased levels of CO2 in the biogas is shown in Figure 
3. 
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Figure 3. Effect of nylon mesh sheet on the level of CO2 in biogas 
 
From Figure 3 shown that the reduction in CO2 levels is 
highest in the purification process using a 500 mesh nylon sheet 
with a flow rate of 1 L/min. Levels of CO2 remaining in the biogas 
purified using nylon sheet with mesh 500 is 37.4%. The 
percentage is the lowest remaining CO2 levels. With decreasing 
levels of CO2 in the biogas, the biogas produced from this 
purification process has a higher purity. 
Biogas Flow Rate Influence on Gas Percentage of Methane 
and carbon dioxide in Biogas 
Biogas flow rate corresponding to the time the contact that 
occurs between the flow of feed biogas with a nylon sheet as a 
filter in the purification process. 3 are used for variable flow rate 
variation of this is, 1 L/min, 2 L/min, and 3 L/min. To determine 
the effect of each of the flow rate, then conducted research with 
the results obtained can be seen in Figure 4. 
Can be seen from figure 4 that the flow rate of biogas 
influence on levels of CH4 and CO2 contained in the biogas. 
Based on the graph at a flow rate of 1 L/min, found levels of CH4 
and CO2 respectively by 61.2% and 38.8%. At a flow rate of 2 
L/min, levels of CH4 and CO2 respectively by 52.4% and 47.6%. 
And at a flow rate of 3 L/min, levels of CH4 and CO2 respectively 
by 48.4% and 51.6%. 
From these data it can be said that the greater the flow rate 
will produce CH4 levels are getting smaller and CO2 levels 
increase. With a flow rate of 1 L/min to produce the highest levels 
of CH4 which is equal to 61.2%. For CO2 levels at the same flow 
rate obtained amounted to 38.8%. This proves that the flow rate 
affects the purification process in this study. 
 
 
 
Figure 4. Effect of Biogas Flow rate on levels of CH4 and CO2 (200 mesh 
nylon sheet) 
 
 The flow rate of biogas which will result in greater contact 
time is less and less. So that the CH4 gas that passes through the 
less nylon sheet. With at least CH4 gas that passes through the 
nylon sheet, the purity biogas obtained will be smaller. For CO2 at 
a flow rate of different, given the same effect with CH4 levels. As 
a result of the contact happens less and less, CO2 is absorbed 
into the fibers of nylon less and less. 
     
 
Figure 5. Biogas Flow Rate Effect on levels of CH4 and CO2 (300 mesh 
nylon sheet) 
 
Can be seen from the figure 4. that the flow rate of biogas 
influence on levels of CH4 and CO2 contained in the biogas. 
Based on the figure 4 at a flow rate of 1 L/min, found levels of 
CH4 and CO2 respectively by 61.4% and 38.6%. At a flow rate of 
2 L/min, levels of CH4 and CO2 respectively by 52.5% and 47.5%. 
And at a flow rate of 3 L/min, levels of CH4 and CO2 respectively 
by 48.5% and 51.5%. 
From these data it can be said that the greater the flow rate 
will produce CH4 levels are getting smaller and CO2 levels 
increase. With a flow rate of 1 L/min to produce the highest levels 
of CH4 which is equal to 61.4%. For CO2 levels at the same flow 
rate obtained amounted to 38.6%. This proves that the flow rate 
affects the purification process in this study. 
The flow rate of biogas which will result in greater contact 
time is less and less. So that the CH4 gas that passes through the 
less nylon sheet. With at least CH4 gas that passes through the 
nylon sheet, the purity biogas obtained will be smaller. For CO2 at 
a flow rate of different, given the same effect with CH4 levels. As 
a result of the contact happens less and less, CO2 is absorbed 
into the fibers of nylon less and less 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
Figure 6. Effect of Biogas Flow rate on levels of CH4 and CO2 (500 mesh 
nylon sheet) 
From Figure 6, that a flow rate of biogas influence on levels 
of CH4 and CO2 contained in the biogas. Based on the graph at a 
flow rate of 1 L/min, found levels of CH4 and CO2 respectively by 
62.6% and 37.4%. At a flow rate of 2 L/min, levels of CH4 and 
CO2 respectively by 58.6% and 41.4%. And at a flow rate of 3 L / 
min, levels of CH4 and CO2 respectively by 56.3% and 43.7%. 
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From these data it can be said that the greater the flow rate 
will produce CH4 levels are getting smaller and CO2 levels 
increase. With a flow rate of 1 L/min to produce the highest levels 
of CH4 which is equal to 62.6%. For CO2 levels at the same flow 
rate obtained amounted to 37.4%. This proves that the flow rate 
affects the purification process in this study. 
The flow rate of biogas which will result in greater contact 
time is less and less. So that the CH4 gas that passes through the 
less nylon sheet. with at least CH4 gas that passes through the 
nylon sheet, the purity biogas obtained will be smaller. For CO2 at 
a flow rate of different, given the same effect with CH4 levels. As 
a result of the contact happens less and less, CO2 is absorbed 
into the fibers of nylon less and less. 
4. CONCLUSION 
1) Sheet nylon can be used as a filter to increase the levels 
of CH4 in biogas. 
2) Mesh nylon sheet that provides the greatest efficiency in 
increased levels of CH4 and CO2 levels decrease is the 
size of 500 mesh nylon sheet. 
3) The greater the biogas flow rate, the less the increase in 
the percentage of methane obtained. 
4) The highest levels of CH4 in this study were obtained in 
the purification process using a nylon sheet with a size of 
500 mesh and a flow rate of 1 L/min at 62.6%.  
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Effect of Temperature on the Production of Methane from Methane 
Hydrates Formed in Excess Water Environment 
Chong Zheng Rong, Praveen Linga*  
Department of Chemical and Biomolecular Engineering, National University of Singapore, Singapore 
Abstract: Natural gas is the cleanest fossil fuel, emitting least CO2 per unit energy produced. Following the growing energy demand 
and depletion of conventional energy resources, it is important to harness energy from unconventional sources, such as natural gas 
hydrates (NGH). The total carbon content sequestered in NGH is estimated in the order of 10,000 Gt C, more than all the conventional 
fossil fuels combined. However, there is a lack of understanding as to how hydrates are formed in nature and how they would 
dissociate under various perturbation. In this work, we investigate the gas and water production profiles from methane hydrates formed 
in an excess water environment. We present a framework to determine the fractional conversion of methane. Upon the formation of 
quantitatively similar hydrate bearing sediment, the dissociation of methane hydrate was done under a constant pressure of 4.5 MPa 
subjecting to different production temperatures ranged 278.7 K to 285.2 K. It was found that a minimum temperature of 280.7 K 
(corresponding to 2.1 K driving force) is required for effective dissociation. Through an estimation of energy efficiency ratio (EER) 
during the production stage, we demonstrated the importance of water management in recovering energy from hydrate bearing 
sediments. 
Keywords: gas hydrates; methane hydrates; energy recovery; energy efficiency ratio   
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Investigation on Visualization of Loop Heat Pipe 
Nandy Putra*, Cahya Tri Anggara, Nasruddin A. Abdullah  
Applied Heat Transfer Research Group Department of Mechanical Engineering, Faculty of Engineering 
Universitas Indonesia 
Abstract: Loop Heat Pipe is a heat transfer device that has the work with a closed system. Although the loop heat pipe has been 
studied and used extensively in thermal management, it is still difficult to determine the behavior of phase change in the evaporator 
and condenser temperature measurement only with the help of these issues will be carried out a study on compensation chamber 
circular heat pipe. Therefore, it is necessary to make visualization on loop heat pipe (LHP) to have a deep understanding of phase 
changes in the LHP. In this study will be performed the visualization and temperature distribution analysis by making LHP 
compensation chamber using a Pyrex glass to observe the phase change phenomena inside. In this research, the LPH will be charged 
with filling 60% ratio and water, Nano fluids, alcohol and acetone were used as working fluid. From this research, results that are with 
the visualization the effect of capillary wick was better understood and Nano fluids have the best performance of LHP. 
Keywords: LHP, Compensation Chambers, Working Fluid, Visualization   
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Oil Price Affection on Human Resources and Alternative Fuels as the 
Renewable Energy in Indonesia 
Prayang Sunny Yulia*, Sugiatmo Kasmungin and  Bayu Satiyawira,   
Trisakti University (Petroleum Engineering Department, Faculty of Earth Technology and Energy, 11440, Indonesia), 
 
Abstract: The decreasing of oil price has affecting many aspects especially in petroleum industry. It can be a part into advantage and 
disadvantage. Begin with disadvantage, it is literally affecting on human resources, for this case is petroleum industry’s workers. Many 
workers on petroleum industry just cut off from their job. The decreasing of oil price mainly affecting on exploration project that 
absolutely high risk, high cost and man-power needed. By that, it has made most of contractors and service companies could not run 
their project as well, so they have to cut several even massive workers. Besides that, there has an advantage that by the decreasing of 
oil price, the alternative fuels as the renewable energy has been researched and developed, especially in Indonesia. It is not  a secret 
anymore that Indonesia has so many potential natural resources that can be converted into renewable energy. But it still has the 
challenge either on the cost, land and regulation. The result from this topic, there will be knowledge sharing for many solutions, for 
example being an entrepreneur of renewable energy. And also give solution what is the best alternative renewable energy that fits to 
Indonesia’s condition.  
Keywords: Renewable Energy; Oil Price; Entrepreneur; Petroleum Industry; Human Resources      1
                                                        
e-mail: prayang@trisakti.ac.id * 
 
1. INTRODUCTION 
As developing country, Indonesia is heavily dependent on 
the oil as input for almost every industrial sector. The real price 
of oil have historically tended to be permanent, difficult to 
predict and governed by very different regimes at different 
point in time. Crude oil prices are the primary driver of 
petroleum product prices and that also react to a variety of 
geopolitical and economic events. Economic growth has a 
strong impact on oil consumption. Changes in expectations of 
economic growth can affect oil prices. As we know nowadays, 
the massive fall on oil prices from approximately US$ 126 in 
2008 to US$35 in February 2015 affecting the significant 
effect. The figure can be shown as follows.  
 
 
 
 
 
 
 
 
   
Fig.1. <Crude Oil Price by Geopolitical and Economy Events; 
Source: U.S. Energy Information Administration, Thomas 
Reuters> 
The decreasing of oil prices in year 2014-2015 is due to the 
latest technology invention of shale oil and shale gas by US 
(United States), where US as the biggest consumer of oil and 
gas in the world, has no more depending on import oil. Also, 
the oil production has reach on overproduction level. One of 
the causes in this phenomenon is obstacles in the exploration 
and production activities. In this case, there will be discussed 
the effect of oil price for human resources, in the other hand 
known as employees; and the renewable energy development 
as alternative fuels in Indonesia. 
2. OIL PRICE AFFECTION ON HUMAN RESOURCES 
One of the effects on declining oil prices in Indonesia is 
unemployment. Unemployment is macroeconomic and political 
problem in all economic aspects. Particularly in Indonesia, a 
few of oil companies had unemployed approximately 700 
employees until late March 2015. The solution of 
unemployment due to declining oil prices is increasing the 
amount of entrepreneur. An entrepreneur can attract at least 
ten people in extreme poverty. Entrepreneurs push economic 
growth, although entrepreneurship is weak in this country. 
Based on World Bank Group Entrepreneurship Data, amount 
of entrepreneur in Indonesia is only about 47,549 people from 
Indonesia population or approximately 0.3% of Indonesia’s 
population. That’s why the government should re-growth small 
and medium enterprises and also makes a financial policy for 
cheap loan. By that, many people especially young people can 
be an entrepreneur to buttress the economy of Indonesia and 
hopefully can reduce the amount of extreme poverty. 
 
  
Fig.2. < World Bank’s Entrepreneurship Data for Indonesia 
based on Comparation with ASEAN Country from 2004-2012; 
Source: worldbank.org> 
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Fig.3. <World Bank’s Entrepreneurship Data for Indonesia 
based on Density Graphic from 2004-2012; Source: 
worldbank.org> 
3. OIL PRICE AFFECTION ON ALTERNATIVE FUELS AS 
THE RENEWABLE ENERGY 
By the declining of oil prices, it is possible that the 
alternative fuels as the renewable energy can be developed 
and rise. As well as taking action on the demand side, the 
government could take action on the supply side by providing 
more support for renewable energy. Indonesia possesses a 
variety of renewable energy resources, including geothermal, 
solar, micro-hydro, wind and bio-energy. Indeed, Indonesia has 
more geothermal energy potential than any other country. Most 
estimates put the potential reserves at 28,000 megawatts, 
which could meet some 40 per cent of national electricity 
demand. Yet currently Indonesia only uses 4.2 per cent of that 
potential. 
For gaining renewable energy, there has many challenges 
that have to be faced for, sort of: 
x Challenges: 
o Access to site condition. 
o Availability of logistic facility (ports, road 
availability). 
o On site main resources. 
o Availability of local construction 
company and material. 
x Risk Factors: 
o Land/site contractual risk. 
o Capital cost cover-run: licenses, 
logistics (transport facilities), 
construction delay, grid interconnection, 
etc. 
o Technology: life-time and efficiency of 
module and equipment, grid reliability. 
o Financial viability of PLN (Perusahaan 
Listrik Negara/National Electricity 
Company). 
o Disasters: flood, fire. 
x Tariff 
o Existing feed-in tariff shall be attractive 
enough for the investor to cover risk and 
gain expected financial return (Rate of 
Return/ROR > 15%). 
o Technology supply relies on mainly from 
offshore. 
x Barrier to Entry 
o Capacity and technology transfer: lack 
of experience of local investor to build 
and operate utility scale plants needs 
experience partner. 
o Low learning curve, slow market 
penetration. 
o Limited access to most efficient 
technology. 
 The central government’s general energy policy 
advocates diversification of energy sources and 
conversion from coal and petroleum-based fuels to 
renewable energy sources, with the overall goal being to 
reduce emissions. Nonetheless, promotion of renewable 
resource development over the last five years has 
progressed very slowly. At present renewable energy 
production (hydropower, geothermal and biomass) makes 
use of only 3.4 percent of total potential reserves.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. < Primary Energy Mix in Indonesia – Targeting 25% 
from New and Renewable Energy Source; Source: National 
Energy Council> 
 
Fig.5. < Renewable Energy Production and Potential; Source: 
National Energy Council> 
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4. CONCLUSION 
The oil prices movement is difficult to predict and the react 
was influenced by the variety of geopolitical and economic 
events. The oil prices are very fluctuating, which had reached 
the highest price on 2008 for US$ 126 and nowadays reached 
the price for US$ 35. 
The problems and solutions for the affection of oil prices 
are the unemployment issues and the rise of alternative fuels 
as renewable energy. The problem for unemployment in 
Indonesia, which approximately 700 workers had been cut off 
from their job, thought on solution by increasing the number of 
entrepreneurs. One entrepreneur at least can help ten people 
to against poverty. 
For alternative fuels as the renewable energy, there have 
many challenges that should be faced for. It needs the right 
technology to realize the implication of renewable energy as 
well. Also, socializing the society and encourage with 
knowledge about how important is renewable energy are 
necessary. With determination, Indonesia can optimize and 
discover the potential of renewable energy. 
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Bulk Production of Briquettes as an Alternative Fuel by Utilizing 
Coconut Shell and Peanut Shell 
Yusraida Khairani Dalimunthe*, Sugiatmo Kasmungin and Cahaya Rosyidan  
Departement of Petroleum Engineering, Faculty of Technology Earth and Energy, Trisakti University, Indonesia  
Abstract: Coconut shell and peanut shell are agricultural waste such as biomass which has relatively large energy content at around 
6500-7600 kcal/kg for coconut shell and 4301.01-4831.44 kcal/kg for peanut shell. These energy sources can be developed as an 
alternative energy source that can be processed into an artificial solid fuel called briquettes. The general objective of this study is to 
produce briquettes environmentally friendly and has a high calorific value derived from coconut shell and peanut shell which can then 
be mass produced and economic value that reaches all walks of life as well as beneficial to the parties associated with the appropriate 
technology. The method in this research will conducted through several stages, collection of raw materials, drying of raw materials, 
carbonization, crushing and screening, mixing adhesives, molding and compression, drying and determination of quality briquettes. 
Briquettes which have been formed then analyzed quality through the testing of calorific value, testing the moisture content and testing 
of ash content. Results of the experiment will get the best quality of composition ratio between coconut and peanut skin, then the result 
will be mass produced to be introduced to various industry as an alternative fuel.  
Keywords: briquettes, coconut, peanut, alternative fuel 
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1. INTRODUCTION 
The energy problem is still be the most serious problem of 
the many problems facing this country. With the increasing 
human population and economic growth of society, the energy 
consumption is also increasing. According to the Agency for the 
Assessment and Application of Technology in the period 2000-
2012 final energy consumption (including biomass) increased 
from 764 million BOE in 2000 to 1.079 million BOE in 2012, or 
an average increase of 2.91% in a year. The largest share of 
energy use in 2012 was the industrial sector (34.8%) followed 
by the household sector (30.7%), transport (28.8%), commercial 
(3.3%) and others (2.4 %). 
 As we has been known petroleum which has been 
dominating the supply of primary energy in Indonesia procured 
the longer the increasingly limited, the price is more expensive 
and non-renewable, will drive consumption towards fuel another 
development can be updated as alternative energy sources, 
namely briquettes. 
 Some research on renewable energy sources include 
biomass has been done, the results are as shown in table 1. 
Table 1. Research of briquettes 
Writer     Research of briquette            Calory of 
                briquette
                (kcal/kg) 
Zaenal     Study Getting Power Fuel of        5538.09 
(2012)     Briquette Peanut Shell Based    
      on Differences in Density 
Setiawan,   Effect of Making               
5670.538 
A et al.      The Composition of Mixed 
(2012)     Peanut Shell and Sawdust 
      Briquettes on Value of Firing 
Ndraha,      Test Composition of                 
7192.15 
N (2010)    Coconut Shell and Wood
       Powder Briquettes Against 
       Quality Generated  
H.P. Putra   7 Characteristics Study-              6709.50 
(2013)      Based Waste Briquette Bamboo  
                   Using Adhesives Rice 
 Zaenal (2012) has conducted research on briquettes 
peanuts shell with 3 variations of the density of briquettes (D1) = 
0.445 g/cm3, (D2) = 0.456 g/cm3 and (D3) = 0.460 g/cm3, from a 
variety of densities obtained the higher the calorific value of fuel 
briquettes, the greater heat generated and the better quality 
briquette produced, the greater density briquettes then burst 
briquettes will be smaller so it is useful to packaging and 
facilitate transport of briquettes peanut shell and the greater 
density, the longer they briquettes combustion, and the results 
of study treatment, (D3) with a density value of 0.460 g/cm3 is 
density briquettes with the best with value calorific 5538.09 
kcal/kg. 
 N. Ndraha (2010) has conducted studies to look at the 
calorific value coconut shells and sawdust briquettes, and the 
results showed an average calorific value obtained is 7192.15 
kcal/kg. 
 A. Setiawan et al. (2012) conducted a study to see the effect 
of composition of making biobriquettes of a mixture of peanut 
shells and sawdust to the value of the burning and of the results 
of the study with a temperature carbonization were used ranging 
from 3000C, 3500C, 4000C, 4500C to 5000C with an adhesive 
used in the form of corn starch with levels of 20% by weight of 
the briquette bioarang, optimum combustion values obtained at 
the carbonization temperature of 5000C is worth 5670.538 cal/g. 
H.P. Putra et al. (2013) has conducted research about 7 
characteristics study-based waste briquette bamboo using 
adhesives rice. The making process of bamboo briquette is 
preceded by pyrolysis for 5 hours with temperatures about 
5000C. The briquette is cylindrical with a diameter of 23 mm, 
height 7 cm and pressure about 75 g/cm2 and dry in the sun for 
6 hour. This briquette using waste rice as a adhesive with 
variety is 30; 35; 40; 45% of the weight of briquettes. Base on 
the research result, the best briquettes obtained by variation of 
adhesive 30%, with a water content of 5.34%, 8.2% ash 
content, 15.6% volatile matter, the firing rate 0.02% g/sec, 
70.73% specific of briquette carbon content, and calorific value 
of 6709.50 cal/g. Based on these results bamboo briquette is in 
compliance with the quality required by SNI, except on the value 
of volatile matter.  
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R. Ria et al. (2012) has conducted research that aims to 
identify the appropriate formulation of crude palm oil liquid 
waste and charcoal of oil palm empty bunch to produce 
briquettes. The comparisons of crude palm oil liquid waste to 
charcoal of oil palm empty bunch were 30% : 70%, 35% : 65%, 
40% : 60%, 45% : 55%, 50% : 50%, 55% : 45%, 60% : 40%, 
65% : 35%, and 70% : 30%. The briquette produced had met 
the Briquette Quality Standard as a fuel material based on its 
calorie value and also its inherent moisture contents. The 
optimal comparisons of crude palm oil liquid waste to charcoal 
of oil palm empty bunch were 30%: 70%. Generally, it can 
conclude that the addition of crude palm oil liquid waste into the 
charcoal of oil palm empty bunch will decrease the calorie value 
and also volatile matter content, as well as increase the inherent 
moisture content and ash content of charcoal briquettes 
produced. 
 I. Muzi et al. (2014) has conducted research that aims to 
look the difference in adhesive concentration between 
briquettes bioarang palm empty fruit bunches and palm shell 
briquette with time to boiling water. Objects of this study was the 
briquettes bioarang palm empty fruit bunches and palm shell 
with adhesive concentration 600cc, 700cc, 800cc, and 900cc, to 
determine as much time boiling 1000 ml water. The results with 
anova test briquettes bioarang palm empty fruit bunches with 
sig 0,289, it had mean not real difference when boiling water. To 
bioarang briquette coconut shell with sig 0,197, it had mean not 
real difference when boiling water. T-test for the difference 
between the water boiling oil palm empty fruit bunches bioarang 
briquettes and coconut shell obtained sig 0,201, so that there 
was no difference which significant. 
From a variety of sources that can be based on the research 
that has been done before with different types of biomass such 
as coconut shells, shell peanuts, corn cobs, bamboo and a wide 
variety of adhesives used as starch and gluten rice obtained 
calorific values are different, where the lowest calorific value 
derived from peanut shell briquettes is 5538.09 kcal/kg and the 
highest calorific value derived from coconut shell briquettes and 
sawdust that is 7192.15kcal/kg. For that we need more research 
to get quality briquette quality is better using coconut shell and 
peanut shell as an ingredient in the briquettes with a 
predetermined composition. 
1. Briquettes  
 Briquettes are clumps made of soft material. Briquettes 
actually includes material specific soft to process the material is 
processed into charcoal hard with a particular shape. The 
quality of briquettes is no less than other fuel types charcoal. 
"Briquetting" to something material is a way to get the desired 
shape and size to be used for specific purposes. Usually 
briquetting is commonly done on peat, salt, coal and other 
minerals (S. Joseph et al, 1981). The quality of briquette is also 
determined by the material maker/constituent, which affecting 
the quality of calorific value, moisture content, ash content, 
content material evaporates, and the levels of carbon bound to 
the briquettes.  
Table 2. The quality of briquette (N. Ndraha, 2010) 
Character Briquettes            Briquettes 
of           
                           of English         Japanese 
Water Content      3.59       6 
Ash Content      8.26               3 – 6 
Calorific Value    7289.00             6000 – 7000 
2. Coconut shell 
Coconut shells are part of coconuts. Coconut fruit itself 
consists of coconut husk, coconut meat and coconut water. 
Coconut coir is a fibrous material with a thickness of about 5 cm 
and an outer portion of the coconut fruit, coconut shell while 
located on the fiber with a thickness ranging from 3 mm to 5 
mm. The size of the palm fruit itself is influenced by the size of 
coconut shell is strongly influenced by the age and development 
of the coconut plants. Coconut shell weighs between 15-19% by 
weight oil. While in North Sulawesi indicates that the weight of 
the coconut shell is 17.78%. In general, the calorific value 
contained in coconut shell ranged between 18200 kJ/kg up to 
19338.05 kJ/kg. 
Table 3. The chemical composition of coconut shell (N. Ndraha, 
2010) 
Chemical elements  Contents (%) 
 Selulosa      26.60 
 Pentosa      27 
 Lignin      29.40 
 Ash Content      0.60 
 Solven Ekstratif     4.20 
 Uronat Anhydrad     3.50 
 Nitrogen        0.11 
 Water      8.00 
3. Peanut 
 Peanut (Arachis hypogaea L.) is a crop of legumes or 
legume second most important after soybean in Indonesia. This 
plant comes from South America and has spread throughout the 
world in tropical or subtropical. Groundnut cultivation is divided 
into two types: the upright type and the type of spread. Creeper 
mode is preferred because it has a higher yield potential. 
Table 4. The chemical composition of peanut shell (A. Setiawan 
et al. 2012) 
Chemical elements                     Contents (%)  
 Lignin                 30 – 40 
 Hemiselulosa                 25 – 30 
 Selulosa                25 – 30 
 Ash                 5.3 – 7.3 
 Water                 4.95 – 7.75 
In this experiment used an adhesive to the type of adhesive 
starch which has the properties can be seen in Table 5. 
Table 5. List of adhesive materials analysis  
(N. Ndraha, 2010) 
Type of   Water  Ash   Fat  Protein Crude Carbon 
adhesive   (%)     (%)   (%)     (%)      (%)      (%) 
material 
Cornstarch 10.52  1.27  4.89    8.48     1.04     73.80 
Rice flour    7.58   0.68  4.53   9.89      0.82    76.90 
Wheat        10.70   0.86  2.00   11.50    0.64    74.20 
flour 
Tapioca       9.84   0.36  1.50    2.21     0.69     85.20 
flour 
Sago flour  14.10   0.67  1.30   1.12     0.37     82.70 
2. EXPERIMENTAL DETAILS 
Materials  
The materials used in this study are: 
x Coconut shell, 
x Skin peanuts, 
x Starch, 
x Water as a mixture of binder. 
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Equipment 
The equipment used in this study are as follows: 
x Furnace authoring used as a place of burning of 
coconut shells and peanut shell. 
x A small shovel that is used as a tool to enter a coconut 
shell and  peanut shell into the furnace authoring. 
x Mortar and pestle used as a tool for mashing 
biobriquette. 
x Buckets and basins are used as a stirring batter 
biobriquette. 
x Measuring cup used to measure the amount of water 
needed to make the starch solution. 
x Wood stirrer used as a tool to knead the dough 
bioarang order to mix evenly. 
x Scales are used as a tool to measure the weight of 
bioarang be printed. 
x Prints of briquettes used as a place to print samples of 
briquettes. 
x Oven is used as a tool to drain bioarang that have 
been printed. 
x Bomb Calorimeter is used as a tool for measuring the 
calorific value of the briquettes produced. 
x Name label used to signify a sample of treatment. 
x Stationery used as a fixture in the study. 
x Shave seckher used for sifting briquette that have been 
pounded. 
x Bomb Calorimeter is used as a tool for measuring the 
calorific value of the briquettes produced. 
x Name label used to signify a sample of treatment. 
x Stationery used as a fixture in the study. 
x Shave seckher used for sifting briquette that have been 
pounded. 
Design Experiment 
The research was done by combining the type of materials 
to make briquettes (coconut shell and peanut shell) with a 
specific composition that aims to observe the effect of 
combination the material composition of the quality produced. 
The composition of coconut shell is denoted by the symbol T, 
and peanut shell composition denoted by the symbol S. The 
combination of both  composition of briquettes is assumed to 
have the same mass of 200 grams each treatment. 
Table 6. The treatment composition of coconut shell and peanut 
shell. 
Treatment Composition 
T (g) S (g) Adhesive (g) 
K1 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 
990 
980 
970 
960 
950 
940 
930 
920 
910 
10 
20 
30 
40 
50 
60 
70 
80 
90 
40 
40 
40 
40 
40 
40 
40 
40 
40 
Research procedures in the study include drying of raw 
materials, carbonization, grinding and screening, mixing the 
adhesive, printing and compression, drying and determining the 
quality of briquettes which include calorific value, moisture 
content and ash content. The working procedure of each of 
these stages can be explained as follows: 
1. Drying Materials 
In this process the coconut shell powder and peanut shell is 
cleaned of dirt from ending up like fibers, dirt and other 
impurities are attached to the shell. Furthermore, the shell is cut 
into smaller sizes for easier authoring process. Coconut and 
peanut skins are then dried in the sun for two days to reduce the 
moisture content in the shell. 
2. Carbonization 
Materials such as coconut shells and peanut shell are dry 
inserted in the furnace authoring separately and gradually. Then 
the material ignited with fire. After the material into charcoal, the 
material removed from the furnace authoring. 
3. Milling and Screening 
Charcoal that has been formed in the carbonization process 
further pounded into flour until the charcoal is then sieved to 
obtain powder coconut shell charcoal and peanut shell each 
with a size of 60 mesh according to SNI 01-6235-2000. 
4. Mixing the Adhesive Material 
Starch adhesive is made by cooking starch dissolved in 
water at a ratio of 1:4 at a temperature of 70ºC to form a gel. 
Then the starch adhesive gel that has shaped the flour mixed 
with coconut shell charcoal (T) and flour peanut shell charcoal 
(S) as much as 20% of the combined mass between T and S 
mixture evenly to form a dough. The combination of the type of 
materials to make briquettes (coconut shell and peanut shell) 
5. Printing and compression 
The results put the dough in molds made of PVC pipe with a 
diameter of 3.5 inch and then pressed. Emphasis is made on 
briquettes pursued to produce more dense and strong 
briquettes. 
6. Drying 
Charcoal briquettes produced are then dried in an oven at a 
temperature of 600 0C for ± 24 hours. Briquettes produced 
quality tested based on the calorific value, moisture content and 
ash content. 
with a specific composition aims to observe the effect of 
the combination of the material composition of the quality 
produced. The combination of both the composition of 
briquettes is assumed to have the same mass of 200 grams 
each treatment. The treatment in the process of mixing the 
ingredients shown in table 6. 
5. Printing and compression 
The results put the dough in molds made of PVC pipe 
with a diameter of 3.5 inch and then pressed. Emphasis is 
made on briquettes pursued to produce more dense and 
strong briquettes. 
6. Drying 
Charcoal briquettes produced are then dried in an oven 
at a temperature of 600 0C for ± 24 hours. Briquettes 
produced quality tested based on the calorific value, 
moisture content and ash content. 
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Figure 1. Flowchart of experiment 
 
3.  RESULTS AND DISCUSSION 
Determination of Quality Briquette 
The parameters tested were as follows: 
1. Determination of calorific value 
How to test the quality of the calorific value of coconut shell 
charcoal and shell peanuts are as follows: 
x Tube bomb calorimeter cleaned 
x Weighed as much fuel as 0:15 grams and is placed in a 
platinum cup 
x Mounted on the rod igniter igniter wire 
x Platinum plate was placed on the pommel of the igniter 
x The tube is closed with a strong 
x Entered oxygen at a pressure of 30 bar 
x Tubes placed in a bomb calorimeter 
x Calorimeter closed with a lid 
x Mixer cooling water turned on for 5 minutes 
x Noted the temperature indicated on the thermometer 
x Ignition done and left for 5 minutes 
x Recorded rise in temperature on the thermometer 
x Calorific value calculated by the equation: 
 
HHV = (T2 - T1 - 0:05) x Cv 
where,  
T1 = temperature before the bombing (0C) 
T2 = temperature after the bombing (0C) 
1 joule = 0.239 cal 
HHV = Quality calorific value (cal/g) 
Heat the type of bomb calorimeter, 
 (Cv)=73529.6 (joules / G0C) 
Rising temperatures wire igniter = 0.050C 
2. Determination of water content 
Determination of water content for each treatment carried out on 
each repetition. The water content can be obtained by using the 
equation. 
Water content (%) = {(G0 - G1) / G0} x 100% 
where,  
G0 = sample weight before drying (g) 
G1 = weight of sample after drying (g) 
3. Determination of ash content 
Determination of ash content by heating the sample in a 
porcelain dish in the oven at a temperature of 1050C for 1 hour, 
then cooled in eksikator then weighed. The sample is weighed 
as much as 4 grams in a porcelain cup and then put into the 
ashing furnace at a temperature of 750 0C to 900 0C until the 
sample was reduced to ashes, then cooled in eksikator. Once 
cooled, and weighed. 
To get the value of the ash, it can be used the following 
equation: 
Ash content (%) = (C / A) x 100% 
where,   
A = weight of the material prior to incineration (g) 
C = weight of ash / residue (g) 
Mass Production Briquette of Coconut Shell and Peanut 
Shell 
The results of the study briquette coconut shell and peanut shell 
with different compositions set is expected to produce briquettes 
that are environmentally friendly and has a high energy 
produced in mass production for a wide variety of industries 
appropriate. 
4. CONCLUSION 
In this study, the mass production of briquettes developed 
is an option that has implications for wider utilization. 
Conducting research with a variety of treatments will obtain the 
best quality based on the quality briquettes calorific value, 
moisture content and ash content by comparing the 
concentration of materials, briquetting coconut and peanut shell. 
Based on the quality of the briquettes will then be mass 
produced to be introduced to the community and industry, be it 
a domestic industry, the food industry, the batik industry and 
manufacturing industry. This can be done in the form of 
socializing by visiting the PKK and related industries, which in 
turn is expected to be one of the government's solution to solve 
the issues related to alternative energy derived from petroleum. 
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Quality Control of Operators’Fatigue Vision in Beverage Industry 
Anizar*, Erwin 
Department of Industrial Engineering, University Of Sumatera Utara, Medan 20155, Indonesia,   
Abstract: Proper lighting affects performance in work that requires visual precision t and monotonous act which are done continuously 
for a certain period of time. Lack of lighting in the workspace makes eyes have to focus even more,causing eyes workload to increase 
overtime. Operators observe the quality of beverage bottles and their contents through their naked eyes. Observations are carried out 
continuously, therefore,it requires visual precision. Operators’ eyes fatigue results in increased defect products that pass the 
inspection. Measurements are carried out for five days with four repetitions, twice in the morning and twice in the afternoon. 
Illumination is measured using a 4 in 1 environmental meter in grid of 1m x 1m, while operators’ time response are measured using the 
Critical Fusion Frequency (CFF). The measurement shows that there are variations of illumination level different days and time, 
nevertheless, the average level of iluminationis far below the standard. Sorting room illumination level is lower in the afternoon, due to 
less sunray sipping in. Bottles that pass the inspection in the afternoon are higher than in the  morning as the operators are becoming 
more tired. 
Keywords: Critical Fusion Frequency (CFF), beverage industry, eyestrain, defective products, level of illumination.     1 
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1. INTRODUCTION 
Lighting is one of the factors that influence the human ability to 
see objects clearly and precisely without causing errors.The need 
for good lighting is required if the work requires visual precision. 
Workers who are machine operatorsat the industry, tend to have 
very high visual loads. Poor lighting will cause eyestrain to the 
operators. Light is an electromagnetic wave which can be seen 
by the human eye with a wavelength of about 360-760 
nanometers (nm) [1]. ]. Measurement of illumination can be used 
to determine the condition of lighting in one place.. Illumination is 
a measure of the amount of light that falls on a surface or a 
workpiece. The units for illumination level is lux on an area with 
units of square meters. Evaluation of illumination level at the 
workplace can follow the guidelines from Illuminating Engineering 
Society of North America (IESNA) [2,3]. Minimum standards of 
lightings regulated by Kepmenkes No. 1405/Menkes/SK/XI/2002 
[4]. Based on the regulation, it shows that the work carried out 
continuously need illumination of 200 lux. 
Various studies have been conducted with regard to eye 
fatigue as a result of minimal lighting in the work environment 
which results in low quality work. If the lighting is too dim, eyes 
can become fatigue faster because eyes will try to get a clear 
vision. Poorly designed lighting will cause problem or fatigue 
during work. Fatigue eyes will result in loss of concentration. 
Illumination refinement is not only related to the addition of lights 
but also how it is done [5].  
The quality of the lighting will significantly affect 
performance. Lighting quality is determined by building 
architecture, econimal structure and the people who occupy it [6]. 
The comfort of someone working on the production floor is 
strongly influenced by lighting. Studies on sewing operators in the 
garment industry show the link between the level of illumination 
with productivity. Consequently, the operators' visual perception 
is sonoteworthy that a sensor based on the lighting system is to 
be developed. Rate the intensity and color of light, as well as the 
optimum amount and quality of illumination is provided. The 
combination of colors and physical are used to achieve maximum 
comfort and reduce eye strain operator [7]. Change in the lighting 
mechanism at the work station will improve performance.The 
mechanism includes visual performance, visual comfort, visual 
ambience, interpersonal relationships, biological clock, 
stimulation, job satisfaction, problem solving, the halo effect, and 
the change process [8]. 
Exposure to poor working environment,  such as noise, 
vibration, CO and dust does not affect visibility, stereopsis and 
accommodating function. However, eye strain indexes, motoric 
time reaction, the ability to read and mental burden is significantly 
worse than the control group. Visual motorictime reaction is 
crucial for evaluating operators fatigueness [9]. Evaluation of 
visual working environment is also carried out at the letter sorting 
station in mail service industry in Sweden. Operators experience 
eye problems such as pain, itch, redness, watering, drought, 
eyestrain and headaches. Interventions done decrease eye 
fatigue experienced by operators in terms of both number and 
index. Good lighting, visual capabilities and functional glasses 
can reduce eye fatigue [10]. Visual fatigue is caused by eyes 
focusing and concentrating on close objects for a long time. This 
resulted in problem in doing activities and may cause eye 
disorders. Operators in integrated circuit packaging industry in 
Taiwan, also have problems with visual fatiguein form of 
eyestrain, headaches, and eye pain. Critical Fusion Frequency 
(CFF) is used to measure eyestrain in terms of degree and light 
intensity. The results showed positive correlation between the 
number of defects and eyestrain. Reducing eyestrain will resultin 
a reduced number of defects that is beneficial both in terms of 
operators health and the quality of work [11].   
Visual acuity and visual fatigue are greatly influenced by 
the color and lighting levels. Research related to the effect of 
lighting on visual workload at work stations visual display terminal 
(VDT) with the design of experiments. Random design isused 
with four bright colors (red, blue, green, and white), two levels of 
the lighting (20 lux and 340 lux). With a subject as a block. 
Dependent variable is the change of CFF, visual acuity, time 
reaction and error rates. The lighting has an important influence 
on CFF and time reaction. Subject prefers to do VDT under blue 
and white lights rather than green and red lights [12]. Common 
fatigue is usually characterized by reduced willingness to work 
due to monotony, intensity and duration of physical work, 
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because of the mental, health status and nutritional state [13,14]. 
During fatigue, eyes capabilities will be reduced. Various factors 
affect operators vision in conducting sorting operation on the 
production floor. Visual acuity is the eyes'capability to see an 
object in detail. Condition of the object seen is in the form of 
distance, reflected light intensity and velocity of  the object affect 
the visual acuity, aside from eyes characteristics and 
accomodating function of the eyes. Visual acuity will increase as 
the level of illumination, whilst contrast levels decline as operators 
age [15]. 
2. MATERIALS AND METHODS 
A. Work Sorting Operator 
This study is focused on the process of sorting bottles on 
quality control stations 1 and 2 in beverage bottles company. 
Operators involved in this study are men. The operators, who 
work from 08:00 pm to 16:00 pm and take a break from 12:00 pm 
to 13:00 pm, sorting 23,000 bottles of beverages. Operator 
sorting on quality control station 1 arein charge of observing 
bottles that come out from washer machine and taking bottles 
that are not cleanly washed, are cracked or have dents on it. 
Operators sorting on quality control station 2 in charge of 
observing the quality of  water in the bottles, assuring the water is 
clean and have the same amount of volume. Observations are 
made through naked eyes. 
B. Locations and room condition insorting station  
Beverages bottles company has five work stations that are 
located in one room without insulation. The room has a 7-meter 
high roof with lighting sources coming from 8 lamps 23 watts 
attached to the roof. Quality control station 1 and 2 are located on 
an area of work side by side. Each station which has size of 3.2 
mx 3.1 m can have an additional lighting by 46 watts from two 
pieces of light bulb. Lamp is mounted hangin on a 2-meters long 
metal chain, and the distance 
C. Measurement  
The level of illumination on quality control stations 1 and 2 
was measured using a 4 in environmentmeter for five working 
days, with four times of measurementsper day. Measurements 
were taken at 09:00 am, 11:00 am, 13:00 pm and 15:00 pm. In 
determinig point of measurement,illumination measurement rules 
of SNI 16-7062-2004 is used, that is using gridswith certain size 
in accordance with the area of the stations. Quality control station 
1 and 2 each has an area of 9.92 m2and by using grid distance of 
1 m × 1 m four point of measurement are obtained.  
Observations made to the operators work resultin quality 
control station 1 and 2 to get a defect bottles which pass the 
inspection or bottles containing muddy water with a different 
volume. Observations are done through naked eye for five days. 
The record was made on the observation sheet containing the 
type of product defect and the number of defect bottles which 
passes inspection for each type of defect 
Operator eyestrain was measured using the ion of flickering 
light. Operator put their eyes on CFF and observe the light 
flashes until the light does not flash anymore or becoming a point 
and then pressthe stop button. Operators have to do 4 times the 
measurement before work and after work at 09:00 am, 11:00 am, 
13:00 pm, 15:00 pm 
Data analysis was performed by calculating the average of 
illumination, luminance and CFF. Normality data is tested with the 
Kolmogorov-Smirnov method, on an actual observed cumulative 
frequency with expected cumulative frequency. Correlation 
between the illumination and operators eyestrain is tested by 
Pearson correlation (1)  
 
ݎ ൌ
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೙
೔సభ ିሺ෌ ଢ଼୧ሻଶሿ
೙
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  (1) 
 
3. RESULTS 
The data of illumination level at quality control station 1 and 
2 measured at 4 different times per day over five days period are 
displayed on Table 1. The data of illumination level can be 
correlated with the data of number of defect products that pass 
inspection in the morning and in the afternoon over five days 
observation. Normality test for the data of number of 
defectproducts which passes inspection use the Kolmogorov-
Smirnov method. The average value of x obtained is 35.88 lux, xi 
= 33.22 lux andߪ ൌ ͳǤͶ͹Ͷ͸, therefore, z = 1.8011. In the normal 
distribution table,the table values obtained is 0964 with Dmax = 
0.3897 ; Dߪ = 0.4090 for n = 10 and ߪ= 0.05. D ≤ Dߪ, therefore 
the data is normally distributed. Correlation test is performed to 
determine the degree of relationwith work result at quality control 
stations 1 and 2. The data of work results from both stations use 
are the number of defect product which pass the inspection at the 
corresponding station.Pearson correlation test give correlation 
coefficient value (r) of 0.7148. This means that there is a strong 
correlation between the level of illumination and the work results.  
TABLE I.  THE AVERAGE LEVEL OF ILLUMINATION 
 
Work 
Station
s 
The Level of Illumination (lux) 
Avera
ge 
Hari 
1 2 3 4 5 
quality 
control 
1 
35.67 36.73 36.07 35.97 35.02 44.87 
quality 
control 
2 
32.26 33.63 35.51 39.09 38.79 44.82 
 
Table 1 shows the measurement recapitulation which is done at 
quality control 1 dan quality control 2 station. However, the 
average level of illumination at quality control 1 is around 44.87 
lux and at quality control 2 around 44.82 lux, which is still far 
below the standard level of illumination of 200 lux for continuous 
work 
 
 
Fig. 1 <Illumination Avarage Level > 
llumination level data obtained is correlated with the operators 
eyestrain data at quality control stations 1 and 2. Normal 
distribution test is conducted on the data of illumination level and 
data of eyestrain using Kolmogorov-Smirnov method. Dmaks 
value obtained is 0.3897, compared with the value in the table Dσ 
Kolmogorov-Smirnov Dσ = 0:05 is the D ≤ 0.4090 Dσ, so Ho 
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accepted. Thus, the data of illumination level and data of 
operators eyestrain tested shows normal distribution. Pearson 
correlation was used to test the correlation between the two 
variants of the normal distribution and are of type interval data or 
ratio. The result obtained is r  = 0.8516. Figure 2 shows the 
observation of operators at quality control 1 on defect products 
which pass the inspection in the morning and in the afternoon 
over 5 work days. The observation conducted in the morning is 
shown by brighter lines, whilst the observation conducted in the 
evening is shown by darker lines. Defect products,which pass the 
inspection are dirty bottles, cracked bottled, and dented bottles, 
shows an increase in number in the afternoon. 
Figure 3 shows that defect products which pass inspection the 
most at quality control station 1 are bottles which has different 
volume of water for inspection both in the morning and in the 
afternoon. There is a decrease in defect products which pass 
inspections on the fifth day of observation, nevertheless the 
opposite happens in the afternoon for bottles whose water is 
muddy 
 
Fig. 2 <Defect product  at Quality Control 1> 
 
 
Fig. 3 < Defect Product at Quality Control 2> 
Figure 4 shows time response of operators at quality control 1 
at different times throughout the day. The graph shows that 
working time affects eyestrain level in observing objects. The 
longer working time is, the lower eyes ability to observe object. 
After operators take a rest at noon, there is an increase in eyes 
ability to observe objects.  
 
 
Fig.4 <Operator response time> 
 
3. DISCUSSION 
The work results at work station quality controlwork station 1 
and 2 becomes the focus of research, as the detail work at the 
corresponding stationsare higher than other work stations, which 
makes standard level of illumination an absolute requirement. 
The results of measurements of the level of  illumination on 
quality control station 1and quality control station 2 varies at 
different measurement times and on different days. However, the 
average level of illumination on quality control 1 at 35.89 lux and 
quality control 2 at 35.17 lux is far below the standard level of 
illumination for work that is continuous with the provisions of 200 
lux. In Figure 1 clearly visible differences in lighting level 
standards set out in the Minister of Health Decree 
No.1405/Menkes/SK/XI/ 2002 by the level of illumination on a 
sorting station.  
Low illumination level in quality control station 1 and quality 
control station 2 influenced by the small lights in the sorting work 
stations. Lights mounted against the roof height of 7 meters from 
the floor with the installation of light scattered in a room 
measuring 14.9 mx 18 m. Quality control station 2 has an 
average value of illumination level lower than the first quality 
control due to the large pile of container bottle. Illumination level 
at sorting room is lower in the afternoon, due to less sunrays that 
enter the room. In the morning, the sunrays helps illuminating the 
room. 
At quality control station 1, bottles which passes inspection 
the most are dirty bottles (61.59%), followed by cracked bottles 
(23.14%),  and  the least are dented bottles (15.27%). Dirty 
bottles are less noticeable than cracked bottles or dented bottles 
whenthe lighting is inadequate. At quality control station 2, bottles 
which passes inspection the most are bottles with different 
volumes of water which amounts 77.28%, while the bottles with 
the muddy water amounts only 22.72%. Bottles that pass 
inspection in the afternoon are higher than in the morning. 
Illumination level at sorting room is lower in the afternoon, due to 
the decrease of sunrays coming in. In early morning,sunrays 
helps the quality of lighting in the room greatly.  
The measurement results of operators’eyestrain shows how 
high or low time response of the eye in seconds. Time response 
of operators at quality control1 are overall greater than operators 
at quality control2. The highest time response of operator at 
quality control1 is 27.00 seconds and the lowest is 11:00 
seconds, while the highest time response of operator at quality 
control 2 is 23.25 seconds and the lowest is 8.50 seconds. Figure 
4 shows time response at quality control operator 1 for a certain 
time  in the morning and afternoon. The graph shows that the 
length of time affects the level of eyestrain in observing the 
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object. The longer the working time, the lower eyes’ cability to 
observe objects. Once the operator take a nap, eyes capability to 
observe the objects also increase. The indication of low 
illumination level results in eyestrain that contributes to the low 
efficiency of operatos.  
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Abstract: Automatic sorting of objects to be recycled is an important step in any modern recycling activities because they must 
consider the speed, accuracy and efficiency. This research focuses on the development of identification methods, integrated simulation 
and prototype implementation of the system for an automatic sorting system of the cans waste, will be developed for sensing, fast 
computation and acquisition of sensor output data to provide accurate and efficient integrated identify device, and integrated device to 
control, monitor, identify and sort cans waste from the non-degradable materials in the solid waste. The investigation result of the 
performance evaluation of the system in sorting cans waste based on the simulation and testing of prototypes is 90-95% accuracy rate. 
It indicates that the system which is developed is feasible to employ for an automatic sorting system of solid waste. Providing real time 
Automatic Sorting System, the system enhances the efficiency of the Automatic Sorting solid Waste operation. 
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1. INTRODUCTION 
 Many countries including Indonesia, waste are sorted into 
different grades using manual sorting system. In manual sorting 
system, sorting and separation of post-consumer recovered bottle 
currently requires extensive manual processing which is used to 
remove contaminations such as glass, plastic bottles, aluminum 
cans, dirt and other non-fiber materials. The manual sorting faces 
some major problems such as labor intensive industry which 
incurs relatively high processing cost, inconsistent quality of end 
products, skills and commitment essential for efficient sorting. As 
such, there is a need to maintain a relatively stable and skilled 
work team.  The high processing cost does not only involve 
wages, pensions, and insurance payable for crew members 
working on the production line, but also the expenses on health 
and safety facilities. Laborers working at the manual sorting 
facilities are exposed to microorganisms, organic dust, and fungi, 
which can cause severe infections. Hence there is an important 
need to automate the sorting process for efficient safe and clean 
recycling. 
Automated sorting systems are classified into mechanical and 
optical.  Mechanical sorting is based on the difference of physical 
features between fiber materials and other contaminations (non-
fiber e.g. plastic and glass bottles, metals, cardboard). Gravity, 
size, shape, magnetization, and conductivity are considered as 
physical features. The greatest advantages of an optical bottle 
sorting systems include: consistent and reliable efficiency of 
production with a relatively high hit rate and purity; and low 
operational cost due to reduced number of manual workers on the 
production line. 
Alexander Bialski et al [28], [29] proposed a mechanical 
process to separate one grade from a waste mixture. Method of 
operating to separate dry mixture and retrieve at least one of its 
components from the remainder of the mixture comprised the 
following steps: 1) all components of the mixture are subjected to 
a milling operation contemporaneously, 2) forces are applied to 
said mixture which include scrubbing it against a surface to 
procure progressive fragmentation of respective said 
components, and 3) finally, the fragments are retrieved.  
Herbert Ortner et al. [30] proposed a method to separate the 
objects from different foreign matters. In this system, a beater is 
employed for rough-pulping the waste. 
2. EXPERIMENTAL DETAILS 
This research proposes a development of an intelligent 
computer vision system (ICVS) for automatic sorting system of 
cans waste. The development integrates smart identification and 
sorting system into a mechanical system. A general system 
description should be developed to get an overview of the whole 
architecture and the different parts. Figure 1 presents the system 
description of the integrated automatic system.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. System description of automatic system. 
The first rectangle shows the main steps in the process of 
system description, while the second rectangle elaborates the 
steps in depth. The webcam used was Logitech Quickcam 
Pro4000. The camera specifications were (1) video capture: up to 
640 x 480 pixels (VGA CCD), (2) still image capture: up to 1280 x 
960 pixels, 1.3 megapixels, and (3) frame rate: up to 30 frames 
per second (with the recommended system). The computer with 
sufficient fast processor to work with Matlab software was 
required.  
Development of an intelligent vision as an integrated 
automatic system of recyclable metal consists of a computer 
system of digital processor and mechanical system, which in the 
computer system contains two modules; database module as 
reference and identification module as pattern recognition. In the 
next section, the main steps of creating database, identification 
system and mechanical system as a basic framework in each of 
the system is provided successively
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In pre-processing, process of acquiring the initial raw data 
from webcam as respective sensing device is called image 
acquisition. This process is a basis of all computations in this 
work because the quality of the raw data will affect the overall 
system performance. In developing an identification system, this 
implies that paying attention to high quality data capture should 
enhance recognition performance. It is known that significant 
error can be introduced into subsequent samples of the same 
object due to noise introduced by the human-machine interface of 
the acquisition device. In this system, images with 24-bit colour 
and resolution 100dpi of the cans geometry will be taken using a 
web camera. The cans images are converted to 25 percent of the 
original size and stored in bmp file format. The quality of the 
acquired images will be checked. If the quality of the image is not 
satisfactory then the image is rejected. This is called Failure to 
Enrol (FTE) and its rate denotes the percentage of the times the 
objects were not able to enrol in the enrolment system. There is a 
trade-off between the FTE rate and the accuracy of a system. 
FTE errors typically occur when the recognition system performs 
a quality check to ensure that only good quality templates are 
stored in the database and rejects poor quality templates. As a 
result, the database contains only good quality templates and the 
system accuracy improves. 
The K-nearest neighbor (KNN) (Pham D.T., & Alcock, R. J., 
2003; Teknomo, K., 2009) algorithm is applied for object grade 
identification. The KNN algorithm is described in Procedure 1. 
Procedure 1: KNN algorithm  
1. Determine parameter K, which is the number of nearest 
neighbors  
2. Calculate the distances between the candidate objects 
object and all the training samples.  
3. Sort the distances and determine the K nearest neighbors 
based on minimum distances  
4. Gather the objects grade category of the nearest neighbors. 
5. Use the simple majority of the objects grade category of the 
nearest neighbors as the objects grade of the candidate 
objects object. 
The distances between candidate objects and the training 
samples are calculated using the absolute distance metric 
(Rahman, M. O., 2005) shown in equation. Let us suppose   
represents the n-dimensional template of the objects category in 
the reference database and   represents the template of the 
candidate objects object, then the absolute distance, D is 
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Where Ha is the threshold value for the distance metric. 
Color is one of the most important basic features used to 
discriminate object based on the image. Comment rgb2gray 
converts RGB values to gray scale values by forming a weighted 
sum of the R, G, and B components such as proposed by 
Johnson (2006), that is 0.2989 * R + 0.5870 * G + 0.1140 * B. 
Image color characteristic of cans waste can be indicated by color 
histogram. Color histogram denotes frequencies of appearance of 
color or the distribution. Color histogram can be represented by 
the plot. Figure 3.4- 3.6 show color distribution plot of ABC from 
the upper side, bottom side and left side successively. In general, 
all sides were likely to have the same curve. In all sides, the 
green color distribution plot had both the highest peak and the 
smallest dispersion, while the blue color had the lowest peak and 
the red color had the biggest dispersion. 
Since no databank was available for waste objects 
identification system following our method of image extraction, we 
had to create a database of objects. One of the tasks to be 
studied for the enrollment process is the color value of 
background that forms the ranges of different grades. It is obvious 
that the bigger the number of samples used, the more accurate 
range of color for respective grade of will be created. 20 samples 
are considered sufficient to create accurate range of color for 
respective grade of object. We have collected 3 photographs with 
resolution 100 dpi (dot per inch), 200 dpi, and 300 dpi for each of 
160 objects 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Color distribution plot of ABC in upper side 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Color distribution plot of ABC in bottom side 
 
Figure 2 and 3 show color distribution plot of OC on the upper 
side, bottom side and left side successively. The curves tended to 
be different from each other. The most different was on the left 
side. 
Each statistical moment represented one type of feature 
vector. This way, four types of feature vectors were captured for 
each image. The statistical moments were calculated based on 
the image information available in each object. The first two 
moments provided some information on the appearance of the 
distribution of the image data i.e. no of pixels along with the 
specific intensity each has. Next, two moments also provided 
needed information regarding the shape of the distribution. The 
calculation of the moment was completed separately for each 
color intensities in association with the pixels counted in each 
object. This gave multiple feature vectors for each image and in 
turn generated multiple feature vector databases 
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The object image consists of three components red, green 
and blue. For gray scale value, standard grayscale transformation 
is obtained from the original RGB image components. The four 
components  ‘R’ (red), ‘G’ (green), ‘B’ (blue) and ‘Y’ (gray) are 
considered for the images. ‘Y’ is taken for gray component to 
avoid the conflict with green ‘G’. The basic strategies followed in 
the construction of RGB string is that the color component take 
first place in the RGBString, which component value is the 
maximum out of red, green and blue component values, then 
second and third. Finally fourth color position is reserved gray 
component. The repetition of the color component depends on 
the value of the color component since the ranges of the color 
component values are different for various types of object grades 
shown in. 
The matching process is implemented by string matching 
algorithm. In this process, RGB strings of N-cells are compared 
with all the template RGB strings.  For each Template RGBString, 
after matching with RGBString of one cell of the search image, 
the matching score between template RGBString and Cell 
RGBString compared with threshold value; if the matching score 
crosses the threshold level then the respective template gets one 
point. The matching scores value 92% is considered as the 
threshold value. In this way, the maximum occurrence of a 
specific template in the search image will achieve the highest 
points. Finally, the template ID with the highest points is identified 
as the candidate object grade ID. The variable cn stands for the 
maximum number of cells in search image and c1 stands for 1. 
The variable tm stands for the maximum number of templates and 
t1 is for the starting value of template and t1 value is 1. 
Image with background noise, due to the irregularities in the 
image scanning and capturing, should be processed to ensure 
good performance of the system. Threshold technique was used 
for background noise elimination. The gray-level histogram 
corresponded to an image, composed of light objects on a dark 
background, in such a way that the object and background pixels 
have gray levels grouped into two dominant modes. One obvious 
way to extract the objects from the background was to select a 
threshold T that separated these modes. Then, any point (x, y) for 
which the gray level of point (x, y), f(x, y) >T was called an object 
point; otherwise, the point was called a background point. This 
was called single thresholding. The thresholding may be viewed 
as an operation that involves tests against a function T of the 
form. > @),(),,(,, yxfyxpyxTT   
Where was the gray level of point, and denoted some local 
property of this point – for example, the average gray level of a 
neighbourhood centred on. A threshold image g(x, y) was defined 
as 
 
 
 
Thus pixels labeled 1 (or any other convenient intensity level) 
corresponded to objects, whereas pixels labeled 0 corresponded 
to the background. In this application, single threshold method 
was applied to eliminate background noise. Here, the gray level 
value of brightness threshold, T was 60. Any point (x, y) was 
converted into deep black if the gray level values of at least five 
neighbors were less than T.  The following Figure 4 presented the 
image with background noise and cleaned without noise. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Gray level images with background noise and cleaned 
Figure 5 shows the first experimental results for ABC 
identification based on object positions in various poses on the 
conveyor belt. It was found that the changes in the pose of object 
position did not affect the accuracy of recognition, as the 
percentage of successful identification was consistently above 
80%. The figure also shows that the good positions to identify the 
beverage cans were the identification accuracy rates above 95%. 
The best position was position 5, which was the standard pose in 
the middle of the conveyor belt, which registered an accuracy rate 
of 98.5%.  
 
  
 
 
 
 
 
 
 
 
 
Fig. 5. ABC identification based on position on the belt conveyor 
 
3. CONCLUSION 
The average maximum classification success rate of the 
system is 95.67%. In real time implementation, the system is 
more effective and convenient than the other technique with 
regards to computational time and lighting consistency. For 
instance, significant time is allocated for preprocessing. 
Additionally, performance of the method depends on lighting 
consistency during the enrollment and identification phases. With 
the system, the lighting dependency has been alleviated because 
the system uses different reference templates for the same grade 
which are taken in different lighting conditions. 
REFERENCES  
[1] Aamodt A. & Plaza, E. 1994. Case-based reasoning: 
fundamental issues, methodological variations, and system 
 201
ISBN 979-587-621-1 
approaches. Artificial Intelligent Communication, IOS Press, 
7(1): 35-59. 
[2] Agamuthu P. & Victor, D. 2011. Policy trends of extended 
producer responsibility in Malaysia. Waste Management and 
Research, DOI 10.1177.073424X11413332.29 (9):945-953. 
(ISI-Cited Publication) 
[3] Aluminium Association, 2009. http://www.aluminum.org/ 
Content/ContentFolders/LCA/LCA_REPORT.pdf. 
[4] Beretta et. al. 1984  Beretta G. B. 1984. An Implementation 
of a Plan-sweep Algorithm on a Personal Computer, 
http://www.inventoland.net/pdf/Reports/7538.pdf  
[5] Bialski, A., Gentile, C. & O. Sepall. 1980. Paper sorting 
apparatus, US Patent No. 4, 236, 676. 
[6] Blaschke, 2001. Object-oriented image analysis and scale-
space: theory and methods for modeling and evaluating 
multiscale landscape structure, International Archives of 
Photogrammetry and Remote Sensing, 34:22-29. 
[7] Burt, P.J. 1988. Smart sensing within a pyramid vision 
machine, IEEE Proc. 76. 
[8] Chakravarthi, K. K. 2006. Development of online stiffness 
sensor for high speed sorting of recovered paper, Master’s 
thesis, North Carolina State University, Raleigh, NC, USA.  
[9] Chen, S. H., Jakeman, A. J. & Norton, J. P. 2008. Artificial 
intelligence techniques: An introduction to their use for 
modelling environmental systems, Science Direct, 
Mathematics and Computers in Simulation, 78: 379-400. 
[10] Chikte, V.G. & P. D. Ughade. 2015. Industrial Automation of 
Object Sorting System Using Programmable Logic 
Controller, International Journal for Engineering Applications 
and Technology 9(1), Robonance-15, http://www.ijfeat.org. 
[11] Danek & Menelly, Currency paper verification and 
denomination device. The patent description available at: 
http://www.patentstorm.us/patents/5416307.html. 
[12] Djuraidah Abdul Wahab, Aini Hussain, Scavino, E., Mustafa 
M. M. & Hassan Basri, 2006. Development of a Prototype 
Automated Sorting System for Plastic Recycling, Science 
Publications, American Journal of Applied Sciences 3(7), 
1924-1928. 
[13] Ebner, M. 2009.  Color constancy based on local space 
average color.Machine Vision and Applications Journal, 
11(5): 283-301. 
[14] Faibish, S., Bacakoglu, H. & Goldenberg, A. A. 1997. An 
eye-hand system for automated paper recycling, 
Proceedings of the IEEE International Conference on 
Robotics and Automation, Albuquerque, New Mexico: 9-14. 
[15] Flemming, M., & Cottrell, G.W. 1990. Face recognition using 
unsupervised feature extraction, International Neural 
Network Conference: 322-325. 
[16] Frohn, R.C., Hinkel, K.M. & Eisner, W.R. 2005. Satellite 
remote sensing classification of thaw lakes and drained thaw 
lake basins on the North Slope of Alaska. Remote Sensing 
of Environment, 97:116–126. 
[17] Irsyadi Yani, E. Scavino, M.A. Hannan, D.A. Wahab, & H. 
Basri, 2013, An Automatic Sorting System for Recycling 
Beverage Cans using the Eigenface Algorithm, Proceedings 
of the Third International Conference on Soft Computing 
Technology in Civil, Structural & Environmental Engineering, 
pp. 1-11. (SCOPUS indexed). 
[18] Edgar S,  Dzuraidah Abd. Wahab,  Hassan Basri,  Marzuki 
Mustafa ,  Aini Hussain. 2009, A Genetic Algorithm For The 
Segmentation Of Known Touching Objects,  Journal Of 
Computer Science - Vol. 5 - Issue 10 - 2009 - Pp. 711-716 
 202 
ISBN 979-587-621-1 
Application Study of Taguchi Methods in Optimization of Process 
Paremeters for Rubber Industry 
Khalida Syahputri*, Indah Rizkya Tarigan , Sa Dudin 
Industrial Engineering Department, Faculty of Engineering, University of Sumatera Utara, Medan, Indonesia,   
Abstract: Quality and consumer satisfaction have a very close relationship. Consumer-perceived quality becomes an important clue in 
customer satisfaction. A high level of quality that will generate high satisfaction. Rubber seal is a rubber product that is produced 
through the process of blending a rubber material, sulfur and black carbon then pressed into sheets of rubber and cooked to the 
desired mold. There are still many defective products in the production process. It is necessary to control product quality rubber seal to 
identify the factors that cause product defects. After the cause factors are identified, then the Taguchi method is applied to obtain the 
optimum combination of factor levels to reduce product defects. The result of this paper is the factors that affect to the defect and level 
combination of these factors is the composition of sulfur at level 2 which is 0,6 Kg, the temperature of the press machine on level 2 is 
1500C and long burning at level 2 is 1,67 hours. 
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1. INTRODUCTION 
Synthetic rubber elastomer has a high value that similar with 
natural rubber, so the important is manufacture capability in 
maintaining product durability [1]. Seal rubber is a synthetic 
rubber processed product with the main raw material are Nytrile 
Butadiene Rubber (NRP), Ethylene Propylene Rubber (EPR), and 
Viton.
Nytrile Butadiene Rubber (NRP) have a good durability 
towards hydrocarbon oil and gasoline. This polymer has tensile 
strength, hardness, good abrasion and easy processing. But the 
flexibility and temperature resistance until 1000C [2]. Ethylene 
Propylene Rubber (EPR) has a great resistance at high 
temperature until 1800C. This elastomer has a good resistance 
with water based chemical material and vegetable oil based 
hydraulic oil but poor with mineral oil and diester lubricants [2]. 
The design of seals for specific applications, the engineer has 
first to understand the limitations of the physical properties of the 
rubber material to be used in order to avoid applying stresses 
(applied loads) and strains (deformations) that exceed these 
limits. The strengths of rubbers are considerably lower than those 
of metals, plastics or wood, but its elasticity is much greater [3]. 
Product quality is the key to the industry’s success. Product 
quality concerned with customers and manufactures while high 
product quality consistency and high production rate [4]. The 
fundamental principle of the Taguchi method is to improve the 
quality of a product by minimizing the effect of the causes of 
variation without eliminating them.  Taguchi's method is an 
efficient and important optimization method based on orthogonal 
array concept which offers systematic and efficient process.  
In this methodology, the design desired is finalized by 
selecting the best performance under conditions that produce a 
consistent performance. The Taguchi approach provides 
systematic, simple and efficient methodology for the optimization 
of near optimum parameters design with only a few well-defined 
experimental sets and determines the main factors affecting the 
process [5]. 
Many researches using Taguchi Method for solving some 
experimental design problems. Thamizhmanii analyzed the 
optimal cutting condition to obtain the smallest surface hardness 
at turning process with Taguchi Method and 18 experimental 
design. The research result analyzes with variance analysis 
(ANOVA) and show depth of cut which is the only significant 
factor that contribute to the surface roughness [6].
Other research that using Taguchi Method for optimization 
factor that have effect with machine performance and 
recirculation of exhaust emission at steam-injected diesel engines 
[7]. Mayruz also using Taguchi Method for bursting strength 
optimization at knitwear industry [5]. Rao applies Taguchi Method 
and ANOVA for parameter process optimization at metal removal 
rate in electromechanical machine [8]. 
This paper describes the application of Taguchi Method to 
research the impact of raw material composition and machining 
process towards rubber seal product quality. Taguchi Method 
used to obtaining the optimum level combination factors which 
has significantly effect towards rubber seal product quality.  
2. TAGUCHI METHODS 
One of the method in quality control is Taguchi Method which 
developed by Genuchi Taguchi. Taguchi Method is one of 
statistic method used for increasing quality of product. Taguchi 
Method usually used for developing quality of industry products 
with proven success [9].  Taguchi method is efficient method for 
designing process that operates consistently and optimally over a 
variety of conditions. To determine the best design, it requires the 
use of a strategically designed experiments [6]. 
Taguchi Method is not only used for design experiment but 
also a technique given advantage for designing system with a 
better quality [10-11]. Taguchi approach to design of experiments 
in easy to adopt and apply for users with limits knowledge of 
statistics, hence gained wide popularity in the engineering and 
scientific community [12-13].  Taguchi Method consists of several 
steps, such as: 
1. Determining factors that become control 
2. Determining level from each factors and choosing suitable 
orthogonal matrix for design experiment  
3. Place the control factor into the orthogonal matrix which is 
selected and conduct experiment 
4. Confirmation conduct experiment and obtain confidence 
interval 
5. Increasing quality based on optimal level factor 
combination 
Taguchi Method used Signal to Noise ratio (S/N Ratio) for 
measure the variance from design experiment. In Taguchi 
Method, there are 3 (three) characteristics values converted in 
Signal to Noise Ratio (S/N Ratio). These three values describe 
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different characteristic of quality according to the purpose of the 
problem. S/N Ratio characteristic value are “Nominal is The best”, 
“Larger is the better” and “Smaller is the better”. For each level of 
process parameters, S/N Ratio is calculated based on S/N 
analysis. 
For “Nominal is The best” 
η = S / NT = 10 log ௬௦೤మ  ……………………...…(1) 
Larger is better; 
η = S / NL = -10 log ቀଵ௡σ
ଵ
௬మ
௡
௜ୀଵ ቁ ………......….(2) 
Smaller is better; 
η = S / NS = -10 log ቀଵ௡σ ݕ௜
ଶ௡
௜ୀଵ ቁ ……........…..(3) 
At this research the quality characteristic is used smaller is the 
better, which is the smaller the defect products the better the 
result [14]. 
3. RESULT AND DISCUSSION 
Taguchi Method is used for investigating the cause of the low 
quality rubber seal with characteristic used is the smaller the 
better. The selected variable as the factors that cause defect 
rubber seal is composed by sulfur, machine temperature, and the 
length of rubber seal combustion time. The level factor that used 
in the experiment are based on direct observation with the set of 
limitation. The data result of level determination shown at Table 1.  
Table 1. Numbers of Level Determination and Level Factor Value 
Code Control Factor Level 1 Level 2 
A Sulfur Composition (Kg) 0,5 0,6 
B Temperature press rubber machine (0C) 120 150 
C 
Rubber seal length 
time combustion 
(hours) 
1,67  2  
 
For identification the level effect from the factor of rubber seal 
product quality and calculated the average value each levels 
using the formulas below:   
Xn = (y1 + y2 + … yn) / n …………..…..........(4) 
From the calculation of the level value and factor or average 
response value from rubber seal product factor that effect shown 
in Table 2. 
Table 2. Average Response from Rubber Seal Product Factor Effect 
A B C 
Level 1 6 7.50 7.50 
               
Level 2 5.25 4.50 6.00 
Difference 0.75 3.00 1.50 
Rank 3 1 2 
 
Table 2. shown that factor B has the biggest effect towards the 
rubber seal product quality. The next step is analyzing 
measurement based on Signal to Noise Ratio (SNR). SNR 
analysis is used to choose the factors that have contribution at 
reducing variance of a response and for knowing the level factor 
which impact at the experiment result. For seeing the factors that 
have impact the quality characteristic variance, the data 
transformed to S/N ratio (Signal-to-Noise Ratio) with the “Smaller 
the Better” characteristic [15].  
The variance analysis result and % contribution from each 
factors shown at Table 3. From Table 3 the testing is 
hypothesized with the levels of confidence  90 %.  
Table 3. Variance Analyze  
Source Dof SS MS F-ratio Contribution  (%) 
A 1 0.563 0.563 Pooled-up 
- 
B 1 4.50 4.50 16 68.18 
C 1 1.125 1.125 4 13.64 
Error 1 0.5625 0.281 - 18.18 
Total 4 6.188 - - 100 
 
The results of variance analysis is factors B (temperature 
machine press rubber) having the largest contribution on reducing 
variance a responses and a factor has the most influence on the 
outcome of experiment, then the factors that influential are factor 
C (combustion rubber seal length time). Factor A (sulfur 
composition) is less contribute for reducing the variance of 
response or less impact at the experiment result. 
4. EXPERIMENT CONFIRMATION 
The last step in Taguchi Method is calculation of experiment 
contribution with the determine factors and level factors to create 
optimal condition with calculating the average of the numbers of 
defect rubber seal. From the result of selection factor and level 
factor which are significantly affect to average quality of rubber 
seal and SNR obtain the combination of optimal factor A at level 
2, factor B at level 2 and factor C at level 1(A2B2C1).  Confidence 
interval for optimal prediction is: 
Cl = േටܨሺ଴ǡଵǢଵǢଶሻݔܯܵ௘ݔ
ଵ
௡೐೑೑
 ………………... (5) 
       = േටͺǡͷʹݔͲǡʹͺͳݔ ଵଶ ൌ േξͳǡͳͻ͹ ൌ േͳǡͲͻͶ  
The result is: 
 4,49 – 1,094 ≤     4,49 ≤ 4,49 + 1,094 
        3,396 ≤     4,49 ≤     5,584 
While the confidence interval for experiment confirmation is: 
Cl = േටܨሺ଴ǡଵǢଵǢଶሻݔܯܵ௘ݔ ൤
ଵ
௡೐೑೑
൅ ଵ௥൨ ………….. (6) 
      = േටͺǡͷʹݔͲǡʹͺͳݔ ቂଵଶ ൅
ଵ
ସቃ ൌ േඥͳǡ͹ͻͷ ൌ േͳǡ͵͵ͻ  
The result is: 
3,5 – 1,339 ≤     3,5 ≤ 3,5 + 1,339 
 2,161    ≤     3,5 ≤     4,839 
Comparative result between two confidence interval above 
shown at Table 4.  
Table 4. Comparative Interpretation of Quality Rubber Seal Result 
Response Prediction Optimization 
Taguchi 4,49 4,49 ± 1,094 
Confirmation 3,5 3,5 ± 1,339 
Table 4. shown the prediction result at confirmation 
experiment in the optimization interval at Taguchi experiment. 
With the optimal factors combination proved that the defect 
rubber seal is reduced. 
CONCLUSION 
The factor that cause defect rubber seal product are the length 
of combustion time of rubber seal, press rubber machine 
temperature, and sulfur composition (3 Phr).
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Combination of optimal level factor which is effect significantly 
towards the quality of rubber seal product are sulfur composition 
at level 2 is 0,6 kg, rubber press machine temperature at level 2 
is 1500C, the length of combustion time at level 1 is 1,67 hours. 
The optimal combination factors result from Taguchi Method is 
proved succeed for reducing the level defect of quality rubber 
seal product.   
This research shows how to used parameter design at 
Taguchi for obtaining optimal condition with minimal numbers of 
experiment, cheap cost and easy to use.  
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Abstract: Supplier selection is a multi-criteria decision problem which there are many factors that must be considered. Crude Pal Oil 
(CPO) industry requires suppliers fresh fruit bunches (FFB) in order to produce CPO with the maximum possible capacity. This 
research has been performed in CPO Company, North Sumatera Indonesia. Based on observations and interviews, the FFB supplier 
selection in the company only determined from the list of suppliers and price agreements with suppliers. The Company doesn’t specify 
the criteria which are needed to obtain the best supplier. As the result, the selected supplier is often too late to deliver FFB and can’t 
give the supply in accordance with the desired quality standards of the company. The purpose of this paper is to solve the problem by 
defining criteria and sub-criteria by distributing questionnaires for the determination of the criteria and sub-criteria based on the 
Dickson’s theory. Fuzzy Analytic Network Process (ANP) method is used to determine the relationship between criteria and sub-
criteria and determine the weight of each criteria and sub-criteria. The results of this paper are that there are 4 criteria and 13 sub-
criteria that influence the supplier selection process in the CPO industry and five sub-criteria that most affect is conformity of raw 
material quality (0.1892), defect rate (0.1874), timeliness of delivery (0.1070), fulfillment capacity demand (0.0992) and the suitability of 
the number shipments (0.0964). 
Keywords: Criteria for Supplier Selection, Crude Palm Oil, Dickson’s Theory, Fuzzy ANP.     1 
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1. INTRODUCTION 
Supplier selection is a strategic decision that affects the 
company's competitive advantage [1]. It is an important step in 
order to develop a competitive supply chain since the theory of 
supply chain has been proposed [2,3]. The Supplier selection 
process Required some criteria in order to make a better 
decision. The important factors that must be considered in the 
supplier selection process include delivery, quality, price, financial 
position and communication [4]. 
Criteria that affect the optimum supplier selection will affect 
the process of purchasing raw materials [5]. Finding new criteria 
is a major problem to choose the right suppliers [6]. The criteria 
for selection are the important things in supplier selection. The 
criteria used must be reflected supply chain strategy and the 
characteristics of the item to be supplied. In general, many 
companies are using basic criteria such as the quality of the 
goods offered, pricing, and timeliness of delivery. But the supplier 
selection often requires a range of other criteria that are important 
to the company. Research conducted by Dickson, indicating that 
supplier selection criteria can be very diverse [7]. 
The criteria and sub-criteria to be used in this research is 
obtained based on the Dickson’s theory and priorities followed by 
calculating the weight of each criteria and sub-criteria using 
Fuzzy Analytic Network Process (ANP) to determine the 
importance of a criterion. This paper is divided into several 
sections. Part 2 will explain about the literature review on Supply 
Chain Management (SCM) especially concerning the 
determination of the criteria in the supplier selection process and 
Analytical Network Process. Part 3 will explain the step progress, 
results and analysis of the calculation using the method of Fuzzy 
ANP. Conclusions from the study will be presented in Section 4. 
 
2. LITERATURE REVIEW 
 Research conducted by Dickson nearly 40 years ago, 
indicating that the supplier selection criteria can be very diverse. 
According to Dickson there are 22 criteria in the selection / 
evaluation of suppliers such as quality, delivery, performance 
history, warranties and claims policies, price and other criteria is 
an appropriate tool to use in the supplier selection [7]. 
In other research, the supplier selection requires a multiple 
criteria selection system in the supplier selection, along with the 
formulation of the criteria in supplier selection [8]. In addition to 
determining the criteria, sub-criteria determination  has also 
become important for multiple criteria selection. There are several 
sub-criteria in the supplier selection process in a company of 
which is the number of delivery, delivery time, defect rate, quality 
conformance of raw materials and so forth. Sub-criteria will be 
used in the supplier selection to obtain a weighted ranking, which 
is the most important criteria to take precedence [9]. 
Each company must determine its own criteria that will be 
used in selecting a supplier. A dozen years ago Kodak 
Corporation to redesign the procurement system for their global 
operations. Kodak is a company engaged in the industry is quite 
innovative, they choose a supplier that has the ability to support 
an innovation strategy [7]. Here are the criteria used for the 
selection process of their new suppliers: 
1. The number of technical support to be provided. 
2. The number of innovative ideas. 
3. Ability to communicate effectively supplier for important 
issues. 
4. The flexibility shown by the supplier. 
5. Cycle time and speed of response. 
6. Similarities between Kodak goal with suppliers. 
7. The level of trust that exists between the company with the 
supplier. 
8. The strength of the relationship in various dimensions. 
Analytic Network Process (ANP) is a multi-criteria assessment 
methods for structuring and analytical decision that has the ability 
to measure the consistency of judgment and flexibility in the 
selection of sub-criteria level. ANP is using the network without 
having to set the level as the hierarchies used in the Analytic 
Hierarchy Process (AHP), which is the starting point of ANP. ANP 
is a key concept in influence (influence), while the AHP is a key 
concept in preference (choice). AHP's assumptions and 
dependencies of the cluster element is a special case of ANP. 
ANP is a new approach in the decision making process that 
provides a common framework in treating decisions without 
making assumptions about the independence of the elements at 
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higher levels of the elements at a lower level and on the 
independence of the elements in a level [10]. 
 
3. RESULT AND DISCUSSION 
3.1. Identification of Criteria and Sub-criteria 
 Determination of criteria is done by distributing 
questionnaires to three respondents. The selection of 
respondents is based on the sampling method used is judgment 
sampling, which is conducted sample withdrawal technique based 
on the characteristics assigned to the elements tailored to the 
target population of interest or research problems. After obtaining 
the necessary criteria, the next is to spread the questionnaire for 
determining the sub-criteria based on the criteria that have been 
with the same respondents. The results of the criteria and sub-
criteria can be seen in Table 1. 
TABLE 1. CRITERIA ANS SUB-CRITERIA FOR SUPPLIER SELECTION 
Criteria Notation Explanation 
Quality (K-1) 
QU-1 Conformity of raw material quality 
QU-2 The ability to provide a consistent quality 
QU-3 Defect rate 
Delivery (K-
2) 
DL-1 Timeliness of delivery 
DL-2 Compliance the number of shipments 
DL-3 Supplier distance to company 
Warranties 
and Claim 
Policies (K-
3) 
WC-1 The goods arrive on time guarantee 
WC-2 The goods received in good condition guarantee 
WC-3 Convenience in terms of policy negotiations claim 
WC-4 Complaint procedure 
WC-5 Ability to respond the complaint 
Technical 
Capability 
(K-4) 
TC-1 Capacity fulfillment request 
TC-2 Improvements capability related to the complaint 
 
Four criteria and thirteen sub-criteria have been chosen based on 
the results of a questionnaire distributed to third closed 
respondents. 
3.2 Determining the relationship between criteria and sub-criteria 
After all of the criteria and sub-criteria chosen, the next step is 
to determine the relationship between criteria and sub-criteria. 
Determination of relationship conducted by Focus Group 
Discussion (FGD) with 3 respondents as the spread of 
questionnaire. After obtaining the relationship between criteria 
and sub-criteria subsequently shaped network that describes the 
relationship between criteria and sub-criteria. Inner dependence 
relationship is a relationship of mutual influence that occurred 
between the elements with other elements that are in one cluster 
while the outer dependence relationship is interplay between the 
elements with other elements in the cluster [11]. Network for 
criteria and sub-criteria can be seen in Figure 1. 
The next step is to make a pairwise comparisons 
questionnaire based inner dependence and outer dependence 
relationship that occurs between criteria and sub-criteria. Then,  
the questionnaire distributed to the three respondents to know 
how big the dependency relationship based on an assessment of 
the respondents. Values of pairwise comparisons of the 
questionnaire will be used to determine the priority order of 
criteria and sub-criteria by using the Fuzzy ANP method. Fuzzy 
used in this study to accommodate the vague nature of the 
decision to give a judgment which can cope with uncertainty in 
qualitative criteria. Fuzzy numbers used in this research are a 
triangular fuzzy number that can be seen in Table 2 [12]. 
TABLE 2. LINGUISTIC TRANSFORMATION INTO VARIABLE FUZZY 
NUMBERS 
Linguistic Scale Numeric Scale 
Fuzzy 
Triangular 
Scale 
Just Equal (JE) 1 (1,1,1) 
Weakly More Important 
(WMI) 3 (1,3,5) 
Strongly More Important 
(SMI) 5 (3,5,7) 
Very Strongly More Important 
(VSMI) 7 (5,7,9) 
Absolutely More Important 
(AMI) 9 (7,9,9) 
 
3.3 Fuzzy Analytic Network Process 
Fuzzy Analytic Network Process (FANP) is a multi-criteria 
assessment methods for structuring and analytical decision that 
has the ability to measure the consistency of ratings at the level 
of sub-criteria [10]. Here are the steps of the Fuzzy Analytic 
Network Process. 
The first step is to calculate the average geometric combine 
the respective lower limit (c), the mean (a) and the upper limit (b) 
of the third questionnaire into each of the lower limit value (c), the 
mean (a) and the upper limit (b) for each pairwise comparisons 
using a formula of the geometric mean as follows. 
ܿ ൌ ඥܿଵ ൈܿଶ ǥൈ ܿ௡೙  (1) 
ܽ ൌ ඥܽଵ ൈܽଶ ǥൈ ܽ௡೙  (2) 
ܾ ൌ ඥܾଵ ൈܾଶ ǥൈ ܾ௡೙  (3) 
The second step is to perform defuzzyfication which in the 
present study using the Centre of Gravity (COG). Where the 
value of the fuzzy triangular geometric averaging will be 
transformed into a crisp value and then put into processing by 
using ANP. COG formula, for defuzzyfication is as follows. 
ܥܱܩ ൌ
׬ ሺೣష೎ሻሺೌష೎ሻǤ௫ௗ௫ା׬
ሺೣష್ሻ
ሺೌష್ሻǤ௫ௗ௫
್
ೌ
ೌ
೎
׬ ሺೣష೎ሻሺೌష೎ሻௗ௫ା׬
ሺೣష್ሻ
ሺೌష್ሻௗ௫
್
ೌ
ೌ
೎
 (4) 
Value of defuzzyfication will be incorporated into the matrix of 
pairwise comparisons for further processed using the method 
ANP 
The third step is to calculate the priority vector to determine 
the logical consistency of the questionnaire. In addition, the 
priority vector calculation aims to get the weights of each criterion 
to be used in further calculations. The formula for calculating the 
priority vector is as follows. 
݉ ൌ ඥܽଵ ൈ ܽଶ ǥൈ ܽ௡೙  (5) 
ܸ݌ ൌ ௠೔σ௠ (6) 
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Figure 1. Criteria and Sub-criteria for Supplier Selection Network 
 
Where a1, a2, …. an is the value of defuzzyfication which have 
been done on previous calculations. m is the average value of 
defuzzyfication and n is the number of criteria were compared. Vp 
is the value of the priority vector into a partial weighting for the 
calculation super-matrix. To obtain the priority vector used 
formula (1) - (4) to obtain the composition of the matrix to 
calculate the vector priorities. Examples of priority vector 
calculation on quality cluster compared to other criteria can be 
seen in Table 3. 
 
TABLE 3. WEIGHTING OF CRITERIA 
K-1 K-1 K-2 K-3 K-4 m Vp (Partial Weight) 
K-1 1.0000 1.3841 7.4017 5.0000 2.6753 0.4730 
K-2 0.7594 1.0000 5.0000 4.6627 2.0512 0.3627 
K-3 0.1404 0.2254 1.0000 0.6003 0.3713 0.0656 
K-4 0.2254 0.2548 1.6884 1.0000 0.5580 0.0987 
Total 5.6558 1.0000 
 
The fourth step is to perform the calculation of logical 
consistency. The purpose of this calculation is to determine the 
consistency of the answers to questionnaires filled out by 
respondents, which will affect the stability of the results. 
Calculation steps and sample calculations for logical consistency 
between the cluster quality criteria (clusters) others can be seen 
below. 
1. Calculate the ratio of consistency. 
(Calculation of Average Weighted Matrix) x (Priority Vector Line) 
(5)
1.0000 1.3841 7.4017 5.0000 
X 
0.4730 
= 
1.9542 
0.7594 1.0000 5.0000 4.6627 0.3627 1.5101 
0.1404 0.2254 1.0000 0.6003 0.0656 0.2730 
0.2254 0.2548 1.6884 1.0000 0.0987 0.4085 
 
 
 
 
2. Calculate The vector of consistency. 
(Consistency Ratio / Partial Thickness Line) (6) 
1.9542 : 0.4730 = 4.1314 
1.5101 : 0.3627 = 4.1638 
0.2730 : 0.0656 = 4.1594 
0.4085 : 0.0987 = 4.1405 
 
3. Calculate The average entry (λmax) 
λmaks=
σ Vector Consistentionni=1
n
 (7) 
λmaks=
4.1314+4.1638+4.1594+4.1405
4
=4.1488 
 
4. Calculate The Consistency Index (CI) 
ܥܫ ൌ ఒ೘ೌೖೞି௡௡ିଵ  (8) 
CI=
4.1488-4
4-1
=0.0496 
 
5. Calculate The Consistency Ratio (CR) 
ܥܴ ൌ ஼ூோ௔௡ௗ௢௠஼௢௡௦௜௦௧௘௡௖௬ூ௡ௗ௘௫ (9) 
CR=
0.0496
0.9
=0.0551 
 
The answer from respondents said to be consistent if the 
value of CR < 0.1. From the calculations, the value of CR < 0.1, 
the answer from respondent is consistent. 
The fifth step is to develop a super unweighted matrix which is 
based on the value of priority vectors obtained. In this step, the 
unweighted super matrix obtained from SuperDecision software, 
as well as the weighted super-matrix and limit super matrix. 
The limit matrix has to be stochastic, which means a weighted 
sum of each column is equal to one. Having obtained the limit 
matrix, then the result of the global weighting has been obtained 
which can be seen in Figure 2.
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Figure 2. The Sequence of Global Sub-criteria Weight 
 
 
From processing the data obtained that the five sub-criteria 
with the greatest weight is sub-criteria for conformity of raw 
material quality (QU-1), defect rate (QU-3), timeliness of delivery 
(DL-1), capacity fulfillment request (TC -1) and compliance the 
number of shipments (DL-2). The five major sub-criteria with the 
greatest weight of each cluster represents as an important 
criterion in supplier selection, namely cluster quality, delivery and 
technical capability. 
Sub-criteria of raw material quality conformity become the 
sub-criteria was given to be top priority because quality 
conformance of raw materials is the deciding factor whether a 
FFB acceptable to be processed or not by the company. If it 
doesn’t suitable for production process, then FFB will be rejected 
and lead to a reduced supply of raw materials so that the 
company can’t run the production process to the maximum 
possibility. Defect rate also affects the amount of FFB to be 
received by the company. The greater the degree of defect, the 
amount received FFB will also wane. Timeliness of delivery also 
affect the quality because the longer FFB sent then the quality will 
also be reduced because the free fatty acids in FFB would 
increase if passed the standard hours of processing is 24 - 48 
hours. Capacity fulfillment request has also become an important 
criterion in choosing a supplier for the chosen supplier should be 
able to meet the demand that is desired by the company. 
Compliance the number of shipments are important in the 
selection of the supplier because the company wanted suppliers 
that are able to transmit FFB with an amount corresponding to the 
desired company. 
4. CONCLUSION 
The conclusions of this paper are: 
1. There are 4 criteria and 13 sub-criteria for decision-making 
raw material supplier selection. 
2. Sub-criteria that most affect is conformity of raw material 
quality (0.1892), defect rate (0.1874), timeliness of delivery 
(0.1070), fulfillment capacity demand (0.0992) and the 
suitability of the number shipments (0.0964). 
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Abstract: Heat generated in a battery, both in charging and discharging period, will increase its temperature. For safe operation with 
high performance and long charging-discharging cycles, the working temperature of lithium-ion batteries should be maintained in the 
range of 25-50 °C. A reliable and efficient thermal management system is absolutely necessary. This study is aimed to obtain the 
performance of the battery thermal management system using L-shaped flat heat pipes. A prototype of the battery management 
system has been made using two-battery simulator made of aluminum alloy. The heat generation was simulated using two cartridge 
heaters so the heating power can be adjusted through an AC voltage regulator. To enhanced heat transfer from battery simulators to 
the ambient air, two L-shaped flat heat pipes were inserted between battery simulators. The evaporator sections were placed between 
battery simulators, while the condenser sections located under the battery simulators. The prototype was placed in an air duct. The 
temperature of the battery simulators, heat pipes, and ambient air were measured using 0.3 mm K-type thermocouples that connected 
to the National Instrument NI-9214 data acquisition module with NI-9714 chassis. The electric quantities were measured using a 
Yokogawa WT310 digital power meter. The experiment were conducted at heat load of 20 W, 30 W, 40 W, 50 W, and 60 W without 
heat pipes, and then repeated with heat pipes. The battery simulator temperature rose with the heat load. The reduction of battery 
simulator temperature increases with increasing heat load. At the heat load of 20 W, the temperature reduction was 5.8 °C, and 
became 20.9 °C at 60 W. At the heat load of 60 W the battery simulator surface temperature can be lowered from 71 °C to 50 °C. This 
results shows that the use of L-shaped flat heat pipes in the battery thermal management system can reduce the battery surface 
temperature significantly. 
Keywords: battery, heat pipe, performance, thermal management system.                  1 
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Abstract: Duralium has mild character, high ductility, and resistance from corrosion. Doing heat treatment against this alloy by cooling 
variation can increase strength and ductility of this alloy. Cooling media variations which is used for this research are water, 10% 
dromus oil + water, 20% dromus oil + water, and 30% dromus oil + water. The purpose of this research is knowing the toughness of 
duralium in artificial aging process against cooling media variation, water, 10% dromus oil + water, 20% dromus oil + water, and 30% 
dromus oil + water, type of fracture, and phase changing of duralium. This research include in experimental research category which 
uses the one-shot case study research model. Toughness testing uses machine pull testing with charpy method and type of fracture is 
observed from micro and macro photo of duralium. The aging result shows that toughness of duralium increase from 0,0655 joule/mm2 
to 0,0820 joule/mm2 and then decrease to 0,0710 joule/mm2. This is due from aging result which is formed precipitates evenly due to 
the difference of cooling media on hardening process. Brittle fracture on duralium specimen can be found in artificial aging process by 
water cooling media. Ductile fracture on duralium specimen can be found in artificial aging process by 20% domus oil + water and 10% 
dromus oil + water as cooling media. Mix fracture on duralium specimen can be found in artificial aging by 30% dromus oil + water as 
cooling media. The important discovery of this research is phase changing in artificial aging process can be influenced by di fference of 
cooling media on hardening process. 
Keywords: Duralium, Artificial Aging, Dromus oil, Toughness, Type of fracture.       1 
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1. INTRODUCTION 
The usage of aluminum, especially in automotive industry has 
increased since 1980 in a row with the increasing of vehicle 
number in Indonesia.Many automotive components which made 
from aluminum alloy, some of them are piston, engine blocks, 
cylinder head, valve, etc. Aluminium often used as the main 
material for spare part because of its mild, cheap and easily 
fabricated [1] 
The main problem is that aluminium has weak strength than 
other commercial materials such as cast iron, steel and copper. 
However, aluminum’s strength can be increased through alloying 
process, cold working process and heat treatment by aging 
process.  
One of aluminium alloy used in automotive industry is 
duralium. Duralium is aluminum and copper alloy. Duralium has 
mild character, high ductility, and resistance from corrosion. This 
alloy is named duralumin because it has high durability, it is 
material ability in receiving shock loads so it can extend the life of 
the product due to fatigue.[2]  
Duralium be consistent of Cu 3- 4,5 %; Mg 0,4 – 1 %; 
manganese 0 – 0,7 %;  the amount of Al can alter the 
composition. Ir 0,4 – 1 %; Si 0,3 – 0,6 %. These alloys used in a 
wide field not only for household appliances, but also used for 
industrial purposes, i.e for the aircraft industry, automobile 
components, regulator components and other constructions. [3] 
The toughness of duralium can be increased by artificial aging 
process against cooling media variation. After doing solution heat 
treatment and quenching, hardening process of an alloy can be 
achieved in two ways, which are at the room temperature (natural 
aging) or with a precipitation heat treatment (artificial aging). 
Aging at room temperature will take longer, usually about 96 
hours to achieve more stable strength, while artificial aging  
depends on the heating temperature. Artificial aging is the aging 
of aluminum alloy treated with age hardening in high temperature.  
Artificial aging obtained at temperature between 100 oC – 
200 oC and the duration of holding process between 1 to 24 
hours. [4] 
This research used a mixture of dromus oil and water for cooling 
media. Dromus oil is mineral oil that distillates and adaptive. Chemical 
composition of dromus oil consist of Sodium sulponate, Polyolefin 
ether, Alkyl amide, and Long chain alkenyl amide borate.[5]  
This research is focusing on understanding the toughness 
differences and type of fracture of duralium in artificial aging 
process against cooling media variation consist of water and 
dromus oil 
2. EXPERIMENTAL DETAILS 
The methodology starts with preparation of specimen for 
tensile test according to ASTM E32. There are three specimens 
for each variation of cooling media. The variation of cooling media 
consists of water, water and 10% dromus oil, water and 20% 
dromus oil, water and 30% of dromus oil. Heating temperature is 
set at 520 C for 30 minutes followed by quench in variation 
cooling media for each 3 specimens. The next step is reheating 
the duralium at 150 C for 10 hours and then cooled in furnace.  
Impact strength is examined using impact testing machine Hung 
Ta Instrument to obtain toughness properties. Specimen 
manufactured according ASTM E23 (Fig. 1). Macrograph analysis 
is using DSLR camera for fractography results, while micrograph 
analysis is using optical microscope to analyze the phase 
changing of duralium. 
After specimens reaching room temperature, specimens will 
be tested by machine of Hung Ta Instrument CO.,LTD. The next 
stage in this study is taking macro and micro photo purposing to 
analyze type of fracture and phase changing which is formed in 
artificial aging process against cooling media variation. The 
following is a specimen impact test ASTM E23 (Figure 1).
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Fig.1. Impact test specimen according ASTM E23. [6] 
 
3. RESULT AND DISCUSSION 
1.1 Toughness Testing 
Figure 2 is graph of impact rate on duralium in artificial 
aging process against cooling media variation. Cooling media 
variations are water, 10% dromus oil + water, 20% dromus oil + 
water, and 30% dromus oil + water, with total volume of cooling 
media is 2000 ml.  
The biggest average impact rate from the result of calculation 
is on cooling media which consist of 20% dromus oil + water, that 
is 0,0820 joule/mm2. The lowest average impact rate on water as 
cooling media, that is 0,0655 joule/mm2. 
TABLE I. IMPACT VALUE 
 
Fig 2. Graph of average impact rate 
Average impact rate on cooling media which is consist of 
10% dromus oil + water is 0,0814 joule/mm2. Average impact rate 
on cooling media which is consist of 30% dromus oil + water is 
0,0710 joule/mm2. 
Hahn, G.T. [7] also explained that the reduction of impact 
energy, the opposite of hardness, can be attributed to the 
formation of unstable precipitates. Precipitates distributed evenly 
can increase hardness and tensile strength, so that the impact 
energy decreases and causes the material has brittle character. 
Kirman [8] also mentions in his research that the variation of Al 
alloy can increase the strength due to aging, followed by a 
decrease in fracture toughness. Graph of average rate impact is 
obtained from the results of this study in accordance with figure 3 
on the research conducted by Gur, CH and Yildiz [9] which 
describes the variation of hardness of the alloy in 2024 through 
the aging process at a temperature of 190 oC. 
 
 
 
 
Fig 3. Hardness variation of 2024 alloy by aging process at temperature 
of 190oC [9] 
1.2 Duralium Type of Fracture 
A result of energy value in duralium in artificial aging process 
against water cooling media is 4.9108 joules, therefore, the type 
of fracture in this treatment is brittle fracture. Brittle fracture can 
be shown from macro photo of duralium specimen due to artificial 
aging process against water cooling media. Figure 4 shows that 
the surface of fracture is flat, granular, and bright colour which 
indicate the characteristic of brittle fracture. In this observation, 
there are also shearlips in wide size and in small portion at brittle 
specimen. 
Results of energy value in duralium against artificial aging 
process using 10% dromus oil and water as  cooling media is 
6,5126 joule, so the type of fracture in this treatment is ductile 
fracture. Ductile fracture is also shown from macrograph result at 
Figure 4b. It shows that the surface of fracture is fibrous and has 
dark color which indicate  the characteristic of ductile fracture. In 
this observation, the shearlips was in wide size and bigger than 
previous sample.  
 Energy value for duralium with cooling media 20% dromus 
oil and water is 6,5596 joule, resulting the type of fracture in this 
treatment is ductile fracture. Figure 4c shows that the surface of 
fracture is fibrous which indicate ductile section and some little 
part of it in flat form indicate brittle section. The shearlips portion 
is wider than the previous two samples. This type of fracture 
indicate ductile fracture with small portion of brittle fracture. 
Energy value of duralium with cooling media 30% dromus oil and 
water is 5,6816 joule, the type of fracture in this treatment is mix 
fracture. Mix fracture at Figure 4d shows that the surface of 
fracture consist of flat portion and fibrous almost equally with the 
widest  shearlips among other specimens. 
1.3 Microstructure Results of Duralium 
Duralium due to artificial aging process against water cooling 
media (Figure 5a) shows the size of grain look big. Precipitate (θ) 
scattered evenly indicated by black colour which decreasing the 
toughness of material, then it has brittle character. Matrix Al in the 
micro photo is shown by bright colors. Grain boundaries in the 
micro photo of duralium in artificial aging process against water 
cooling media very clear and has flat shape. 
  
(a) (b) (c) (d) 
Fig 4. Duralium macro photo result in artificial aging process against 
cooling media variation. (a) water cooling media, (b) 10% dromus oil + 
water, (c) 20% dromus oil + water,  and (d) 30% dromus oil + water. 
Colling media 
variation 
Energi 
value 
(Joule )  
Impact value 
(joule/mm2) 
Water   4,9108 0,0655 
Dromus Oil 10% 6,5126 0,0814 
Dromus Oil 20%  6,5596 0,0820 
Dromus Oil 30%  5,6816 0,0710 
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Duralium due to artificial aging process against 10% dromus 
oil + water as cooling media (Figure 5b) shows the size of grain 
smaller than the size of grain which was treated by water cooling 
media. Precipitate (θ) is not scattered evenly therefore, it has 
ductile character. Matrix Al in the micro photo is shown by bright 
colours. Grain boundaries in the micro photo of duralium in 
artificial aging process against 10% dromus oil + water as cooling 
media look so clear and it has round shape.  
Duralium due to artificial aging process against 20% dromus 
oil + water as cooling media (Figure 5c) shows the size of grain 
look smaller than the size of grain which is treated by 10% 
dromus oil + water  as cooling media. Precipitate (θ) is not 
spreaded evenly indicated by black spot which increasing the 
toughness of material, so it has ductile character. Matrix Al in the 
micro photo is shown by bright colors. Grain boundaries in the 
micro photo of duralium in artificial aging process against 20% 
dromus oil + water as cooling media look unclear and it has flat 
shape.  
Duralium due to artificial aging process against 30% dromus 
oil + water as cooling media (Figure 5d) shows the size of grain 
look bigger than the size of grain which is treated by 10% dromus 
oil + water and 20% dromus oil + water as  cooling media. 
Precipitate (θ) spreaded evenly indicated by black spot which 
decreasing the toughness of material, so it has brittle character. 
Matrix Al in the micro photo is shown by bright colors. Grain 
boundaries in the micro photo of duralium in artificial aging 
process against 10% dromus oil + water as cooling media look so 
clear and it has round shape.  
According to result of duralium micro photo in artificial aging 
process against dromus oil and water cooling media (Figure 5) 
compared with the results of duralium photo micro in cold working 
process (Figure 6) obtained the grain boundaries and precipitate 
look clearer in artificial aging process. 
Fig 5. Micro photo of Duralium in cold working [3] 
1.4 Tensile Test Result 
Figure 7 is a graph of tensile strength on duralium in artificial 
aging process against cooling media variation. Tensile test result 
shows the opposite graph compared to toughness result graph. 
The lowest tensile strength is duralium with cooling media 10% 
dromus oil and water. High toughness is resulted low tensile 
strength and indicates in ductile fracture. The highest tensile 
strength is specimen cooled with water which has lowest 
toughness. 
Fig 6. Tensile test results of Duralium on artificial aging and cooling media 
variation 
4. CONCLUSION 
The result of aging increasing duralium toughness from 
0,0655 joule/mm2 to  0,0820 joule/mm2 then decreasing to 0,0710 
joule/mm2. This is due to aging result which was formed 
precipitates evenly due to the difference of cooling media on 
hardening process. Based on the results of the calculation of 
energy value which absorbed and macro photo of duralium 
specimen in artificial aging process against cooling media 
variation, obtained of brittle fracture in artificial aging process by 
water cooling media. Ductile fracture can be found in artificial 
aging process by 10% dromus oil + water and 20% dromus oil + 
water as cooling media. Mix fracture can be found in artificial 
aging process by 30% dromus oil + water as cooling media. The 
phase which formed in artificial aging process of duralium by 
water cooling media is Al + ߠ, it is because in this process ߙ௦௦௦ 
had not yet formed. The phase which formed in artificial aging 
process of duralium by 10% dromus oil + water and 20% dromus 
oil + water as cooling media is ߙ ൅ ߠ  +  ߙ௦௦௦ . in this process 
formed a bit of ߙ௦௦௦  so precipitates (θ) in this process is not 
formed evenly. And the phase formed in artificial aging process of 
duralium by 30% dromus oil + water as cooling media is ߙ ൅ ߠ. In 
this processߙ௦௦௦formed more, so precipitates (θ) in this process 
is formed evenly 
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Analysis of Effect of Capture Fisheries Policy to the Supply Chain of 
Fish Canning Industry using System Dynamic Modeling 
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Abstract: Bali strait has a potential of natural resources in lemuru or bali sardinella fisheries. However, several researches about the 
recent stock status of lemuru of Bali strait indicate a biomass stock depletion due to overfishing. The government is required to 
implement policies that can support the sustainability of the fisheries  industry. This research applies a system dynamics approach to 
describe an integrated model of the supply and demand of lemuru and the production of canned sardine. Simulation output is tested 
with compare it to historical data of fish production. Three different scenarios will apply on total catch, which consists of the optimistic, 
intermediate, and pessimistic scenario. The model is constructed by 3 subsystems comprising of the wholesale fish market, the 
industry capacity, and the fish canning production process. The system dynamics sub-model of industrial production assumes that 
sardine price is the major variable affecting the industry performance. Fish market price is form by fish production function.  
The indicators applies for testing the scenarios are as follows (1) Fish selling price (2) The amount of fish processed/canned (3) The 
maximum capacity of  industry and  (4) The amount of fish landed. The simulation results indicate that the most optimum scenario is 
the intermediate scenario with the fish price of Rp 1.635, industries reach the maximum production capacity of 412.799 kg, the amount 
of fish landed reaches 3.390.840 kg, and the amount of finished goods 393.573 kg. The intermediate scenario has the most finished 
goods or fish canning produced. 
Keywords: system dynamics, simulation, canned fish industry, capacity   
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1. INTRODUCTION 
 Muncar fisheries industrial cluster is a biggest fishing port in 
East Java. Fishing ground of the fisher on Muncar is Bali strait. 
Muncar Fisher Port repot on 2010 said that on 2009 there are 13 
330 fishermen and 5.811 industrial workers. Fish landed at 
Muncar is pelagic fishery consists from different species but the 
dominant one was Lemuru (Balisardinella), Layang (Decapterus 
spp), mackerel (Rastrelliger kanagurta), and Tuna (Auxis spp) [1]. 
Marine fisheries production Muncar Banyuwangi on 2009 was 
dominated by Lemuru, 28.446 ton. It reaches 87 percent of total 
production and valued Rp 71.115 million [2]. The Fisheries 
resource should be used optimally as a raw material for canning 
industry, cold storage, flouring, and traditional processing. 
Recently, Bali strait threatened by overfishing and major 
commodities such as Lemuru has been decreasing. Greenberg 
[3] said that human are eating more and more fish each year, not 
only collectively but also per capita. Exploitation of fish causes a 
reduction in the stock of fish if we caught more than the fish 
natural process of reproduction. Therefore, the government needs 
to create policies that can support the sustainability of the 
industry.  
This research has three, first, to produce marine fisheries 
supply chain model to meet the needs of raw materials industry. 
The model represents all the activities that take place on the 
landing of fish in the harbor until the fish is processed by the 
sardine canning industry. Second, to identify and mapping the 
relationships between variables in the model with dynamic 
systems approach. The relations between variables are described 
with Causal Loop Diagrams and Stock and Flow Diagram. Third, 
aim to analyze the impact of fisheries policy to the fish canning 
production (sardines). 
 
2. RESEARCH METHODS 
A. System Conceptualization 
The method used in this research is supply chain modeling 
with dynamic system approach. The logic of dynamic systems is 
the systems thinking. Systems thinking are a way of thinking in 
which every issue is seen as a whole and see the interaction 
between the elements of an object in the system as a whole that 
works to achieve a specific goal. The problem which is suitable to 
be modeled using the methodology of the system dynamic is it 
has dynamic nature (changes with time) and contains at least one 
feedback structure. Primary and secondary data and other 
information was taken from field studies or direct observation and 
historical data. 
Sushil 1993 [4] developed the 6 steps on using system 
dynamic modeling : (1) problem identification and definition, (2) 
System conceptualization, (3) Model Formulation (4) Simulation 
and validation  (5) Policy analysis and improvement and  (6) 
Implementation. System conceptualization stage identifies 
components that are considered influence to the system. The 
relationship of these components is described in a causal loop 
diagram. The diagram is used as a tool to determine the feedback 
generated by the interaction of the various components. The 
relationship between the causal variables and dependent 
variables produce a loop.  
There are three subsystems in a model (1) subsystem of fish 
market pricing mechanism, which will determine the amount of 
fish to be sold to industries and local markets,(2) Subsystem 
industrial capacity, where the number of industries that remain 
active determined by the price and the potential for the company 
to survive, (3) Subsystem canning process, which considers raw 
material and production capacity available at all times and 
calculating the amount of canned fish produced. Model 
conceptualization as causal loop diagram given on figure 1. 
 
B. Model Formulation 
Model Formulation is a process that is done to change the 
concept of a system or structure of the models that had been 
developed in the form of equations in a computer language. Also 
it is the transformation of an informal conceptual view to a formal 
conceptual view (quantitative model). The activity for a feedback 
loop represented by two types of main variables, level and rate or
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also known as stock and flow. Level declare state of the system 
indicators at any time as an accumulation. Rate is the variable in 
the model that can influence the levels. The equation used to 
describe the relation between level and rate. The structure of rate 
and level is a wisdom that explains why and how the decision is 
made based on the information available in the system.  
Causal loop diagram that has been formed is used to form the 
basis for making a flowchart or so-called Stock and Flow Diagram 
(SFD). SFD is formulated relationships between the variables in 
the form of mathematical relationships. The relation between 
variable influenced the System is created in mathematical 
equation form that refers to the theories related. A symbol of 
equality must be easy to manipulate, and easily to be understood. 
C. Model Simulation and Validation 
An event created by the structure and behavior. The structure 
is forming elements show a pattern of events and the linkages 
between elements. The structure of the system dynamic is 
described in a causal loop diagram. While the behavior is the 
change of a quantity or a variable within a certain period of time 
(growth, decline, oscillating, stagnant). Simulation is the way to 
know the behavior and characteristics of the model of the system 
being observed. Simulation is an attempt to understand the 
behavior of a system through the model. Simulation models in this 
study using software tools Powersim Studio. 
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Figure 1. Causal Loop Diagram of fish supply chain 
Aminullah [5] said that model validation testing and evaluation 
can show how far models created follow the pattern of the 
existing System or real condition using validation techniques. 
Validation is one of the objectivity assessments of a model. 
Validation process performed on a model into two parts, (1) 
Structure Model Validation and (2) Output Validation. Structure 
Validation test the structure of the model to assess how close the 
model to the real system. As process-oriented structural models, 
model structure similarity with real system showed by the 
similarity interaction of the variables of the model. Output 
Validation is the complementary aspects of the methods of 
systems thinking. The goal is to gain confidence the extent of the 
"performance" model in accordance with the "performance" of 
real systems. The trick is to validate the performance of the model 
with empirical data to see the extent to which the behavior of 
"output" model behavior with empirical data (historical data). In 
this study validation of the model structure and output are   
perform  only on certain variables. 
Analysis of policy scenarios is how to find a strategic way to 
influence the system in order to achieve the desired conditions. 
Alternative policy is a new idea about actions that are required in 
order to influencing the system. After obtaining an alternative 
policy then predict the possibility of its success or failure. The 
prediction results are useful to formulate the necessary tools to 
maximize positive impacts and minimize negative impacts.  
Alternative scenarios in this study are a scenario on fishing effort 
restrictions on three scenarios on total fish catch regulation 
(conditions of optimistic, intermediate and pessimistic). In each 
scenario the maximum fishing effort will optimize the number of 
catches and then maximize profitability in the supply chain of 
fisheries. 
Optimistic scenario describes the existing condition occurred 
in 2008 when the average production of fish in a month could 
reach an average of 4,507,428 kg / year. Intermediate scenario 
describe the condition when fishing effort Ade controlled by 
limiting the number of operating a fleet of fishing gear. 
Government of East Java province and Bali province in 1992 
issued a decree on limiting the number of purse seine allowed to 
operate. The volume of production is in the intermediate scenario 
is 75 % of the optimistic conditions. Pessimistic scenario 
represents extreme natural conditions occurred in 2007 with fish 
production 9,020 tons/year. It is about 50 % decreased of the 
optimistic conditions.  
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3. RESULT AND DISCUSSION 
Sub systems fish market represents a supplied system of fish 
canning industry directly from the fish landed in the port. Report of 
fish production in 2010 from Ministry of marine and fisheries  
shows that fishery post-harvest losses in East Java are 11.22 %.. 
Then, fish production reduce by 11.2 % is amount of fish as 
available supply for raw material of industry. Fish production has a 
patterns based on a production average per month from the 2000 
to 2009. The pattern influences season represented by Seasonal 
Index. 
Fish production and demand of fresh fish for raw material of 
industry form the fish market price. Dias [6] describes the 
relationship between price and demand in each quarter during the 
scenario as a coefficient of elasticity. Coefficient of elasticity can 
be determined by the average of fish price from the amount sold 
by the formula: 
 
௉
௉௢ ൌ ቀ
ொ
ொ௢ቁ
భ
Ɛ                                  (1) 
 
P : average of price 
Po : Price on period 0, 1, 2, 3,... 
Q : Average of fish production 
Qo : Fish production on period 0, 1, 2, 3,.. 
Ɛ : Elasticity  
 
Second sub-system is sub-systems of industry capacity. In this 
model the total industry capacity come from the accumulated 
capacity of all companies operating in 2010 [7]. The total 
production capacity installed is estimated on 35.494 tons per year. 
This capacity is 1.5 times of the total number of cans produced in 
2010. Changes future capacity resulting from the investment and 
technology update are not considered in this model. 
Fish processing plant has an annual production of over 200 
tons per year. The pants divided into 3 groups D, C, and B 
according to its efficiency. The efficiency value obtained from 
estimating of productivity and level of rent. The factory later is 
ranked within each group, respectively, according to the 
endurance of the plant based of economic and financial data. 
Based on annual revenue of factories, a threshold value for raw 
material costs are established for each group. The threshold 
value for factories on Group D, C, and B sequentially are Rp 
2000/kg, Rp 3000/kg and, Rp 4000/kg. When the average cost of 
one 6-month exceeds the threshold, the plant begin to shut down.  
The fish landed at Muncar is process on many way. The 
percentage distribution of fish is became fish canning (17:16%), 
Salted (9.91%), flouring (30.5%), Cold Storage (32.79%), frozen 
(8.85%), other (0.79%). fisheries processing companies in 
Muncar have product differentiation to maximize the revenue of a 
company. Fresh fish on high quality will be processed as canning 
fish and the lowest quality can be used as flour to minimize waste 
from the production process. 
Estimation on canning process output is formed of a fraction of 
fresh fish and fish canning product. Based on the observation, the 
fresh fish net amount of 70 % of the net weight of canned 
sardines. Efficiency of sardine (fresh fish weight divided by 
sardine canned fish) was 1.67.  For Cold storage Industry, 
average production assumed on 46 % of the maximum production 
capacity. Total of processed sardine stock is modeled as a work 
in process (WIP), with an upper limit to be determined. When WIP 
has reached the maximum, then the industry delays fresh fish 
purchasing for a moment. When finished goods inventory reach 
certain level, it is assumed that the canned fish sold directly to the 
certain price. 
Output validation done by compared of price and production 
output of simulation with the price and production of real system. 
Graphic of simulation output for fish price is given on figure 2. In 
general, range of differences price in each period is small. But 
there is an extreme difference in prices in May, June and July of 
2006. This can be caused by data retrieval anomalies in the 
period.  Comparison between fish price from simulation output 
and from historical data gives a Mean Absolute Percentage Error 
value on 0.2964. It means that the model is valid and can  
represent a real system. 
Figure 2. Average of Fish price per month 2007-2011 
Performance validation is done on a variable of fish production 
by comparing actual data and model output. Data were compared 
between years 2004-2006. There is a similar pattern seen in 
November 2006, which increased to the extreme. This can be 
caused due to the arrival of elnino that cause upwelling 
phenomenon [8]. The fish production pattern from historical data 
plotted on figure 3 while simulation output for fish production 
given on figure 4. 
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Figure 4. Simulation output of 
Fish Production per month 
Comparison between fish production from simulation output 
and from historical data gives results of the calculation for Mean 
Square Error value on 4.5005. It means that a model built valid 
and could represent the real system. Beside the fish production, 
model validation also done for fish market price by comparing the 
price from simulation output to the price from historical data. The 
result of price comparison between years 2004-2006 is given on 
figure 5.  
 
 
Figure 5. Comparison result of fish market price 
 
Figure 5 shows a peak on market fish price with same 
pattern compare to fish production pattern. This data anomaly 
happens due to extreme situation on fish production. After 
finished model validation, then simulation run used 3 scenario.  
1. Optimistic scenario 
This scenario to determine the condition of fisheries 
Muncar in the future if the same policy applied as the 
current state without changing the existing parameters in 
the model where the average production of fish in a 
month could reach an average of 4,507,428 kg 
2. Intermediate scenario 
This scenario describes the condition of a good 
government's policy applied on fisheries management. 
Fish management techniques can be done in several 
ways, one of them by controlling fishing effort. Setting 
fishing effort can be done by limiting the number of 
fishing gear operates in the fishing ground. The volume 
of production in the medium scenario is 75% of the 
optimistic conditions. 
3. Pessimistic scenario 
This is an extreme scenario where a decline in the stock 
is significant, and apply a policies which guarantee long-
term sustainable are needed. These conditions can also 
occur when the government decided to close the taps of 
imported fish so the industry shortage of raw material for 
production. Extreme natural conditions occurred in 2007 
with fish production 9,020 tons / year, which is 50% of 
the optimistic conditions. At the beginning of 2011 is also 
a problem for the Ministry of Marine and fisheries 
decided to stop most taps fish import 
Before the simulation, beside fish price and fish production, 
indicators for fish processing Industries are needed. The 
indicators include Industry utility, total capacity, and the total 
production of fish canning. Utility represent real capacity divided 
by maximum capacity available. Utility show as a percentage. 
Total capacity is the accumulation of actual capacity at all sardine 
canning industry. Total production of fish canning is the number of 
finished goods output in the plant, influenced by the amount of 
WIP (work in process) provided. Result of simulation for these 
indicators is given on Table 1. 
 
TABLE 1. INDICATOR PERFORMANCE INDUSTRY ON THREE 
SCENARIO 
Indicator Optimistic Intermediate Pessimistic 
 
Fish price 
(Rp/kg) 
 1.542 1.635 1.802 
Maximum 
capacity  
(kg/month) 
 
437.074  
 
412.799  
 
340.038  
Fish production 
(kg/month) 
4.507.428  3.390.840  2.134.914  
Finished Goods  
(kg/month) 
 
387.773  
 
393.573  
 
240.463  
 
Table 1 shows that the most expensive fish price occurs on 
Pessimistic Scenario, Rp 1.802/kg. Optimistic scenario has a 
highest value on Plant maximum capacity on 437.074 kg/month. 
Also on fish production, optimistic scenario gives highest value on 
4,507,428 kg/month. Exploitation on intermediate level has 
highest value for finish goods Products on 393.573 kg/month. 
Based on the data processing findings, can be concluded that 
scenario Intermediate is the most suitable policy. This policy 
compromises the Economics, biology, and social dimension. 
Policies in the fishery can be grouped into economic and 
biological aspects. Economic policy is the use of economic 
variables as a means of controlling fishing effort consisting of fish 
prices, fuel prices, taxes and charges, the development of 
alternative employment, improving the quality of fishing. Biological 
policy consists of restrictions on fishing gear technology, 
restrictions on the amount of effort at the level of MSY (maximum 
sustainable yield) value. Suadi and Widodo [9] describes some of 
the fisheries management techniques that can be used as a 
reference , such as control the number , size , or type of species 
target. 
J.W Forrester [10] explains that in industry, system dynamic 
method is a way to learn characteristics of the industrial system.. 
System dynamic shows that the policies, decisions, structures, 
and delay are interrelated and affect the growth and stability of 
industry. System dynamic integrates various management 
functions within the company and summarized into a general 
basis that all economic activity or a corporation made up of the 
flow of money, ordering, materials, labor, and equipment.   
A company should be able to design a proper distribution 
network. Decisions about the design of the distribution network 
should consider the tradeoff between cost, flexibility and speed of 
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response to customer. Operational activities of the distribution are 
complex, especially when deliveries should be made to the 
extensive network and spread places. Companies must establish 
the level of service that achieved each region, determining the 
schedule of service delivery, as well as looking for innovative 
ways to reduce costs and improve service levels to customers 
[11]. 
 
4. CONCLUSION 
The suitable scenario as a result of this study is intermediate 
fish catch level scenario. The scenario is a good compromise 
between the government's policy on management of fisheries 
resources and the Interest of fisher and processing Industry. 
Intermediate scenario gives the number of finished goods on the 
highest number of 393 573 kg / month. While in the optimistic 
scenario finished goods produced 373 773 kg / month and the 
pessimistic scenario as much as 240 463 kg / month. The other 
parameters on the scenario give a value on fish production 
1.527.063, 59kg / month, and the maximum capacity on 412 799 
kg / month, the price of fish Rp 1.635 / kg. Value of utility of 
industry is 43 %, constant for all scenario. Fish management 
techniques can be done by controlling fishing effort to guarantee 
the fish stock sustainability. 
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Redesigning a High Wheel Bicycle: a Case Study of Inventive Problem 
Solving 
Risdiyono*  
Department of Mechanical Engineering, Islamic University of Indonesia, Yogyakarta 55581, Indonesia 
 
Abstract: The revised Bloom’s taxonomy suggests creation skill as the highest level of educational objectives beyond evaluation skill. 
It can only be achieved by a full involvement of all key factors including students, facilitators and media. For that purpose, the concept 
of student centered and active learning is usually adopted in order to improve student participation. Problem Based Learning (PBL) is 
one of popular methods used in this paradigm. TRIZ, a Russian acronym for the "Theory of Inventive Problem Solving – TIPS", is a 
science of creativity that relies on the study of the patterns of problems and solutions, not on the spontaneous and intuitive creativity of 
individuals or groups. This paper discusses a case study of implementing TRIZ for students in mechanical engineering department, 
especially in product design and development course. A unique early design of high wheel bicycle (Penny-farthing) was used as object 
of learning. Students were asked to analyze the design by identifying its advantages and disadvantages and then to purpose a new 
concept to remove or reduce the disadvantages without sacrificing its advantages. A physical prototype was then developed and 
tested. Based on the evaluation, it is shown that the proposed approach is able to improve student’s skill engagement and the overall 
student understanding of the subject of study. 
Keywords: TRIZ; Penny-farthing; revised Bloom’s taxonomy; product design education; inventive problem..      1 
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1. INTRODUCTION 
Learning is an active and collaborative process of making 
meaning from experience. Multiple perspectives are usually 
considered in learning process [1]. There is no single learning 
method claimed as the best and suitable for all learning 
situations. A proven good learning method for a subject is not 
always suitable when applied for another one [2]. Therefore, 
learning method should be built at least based on the 
characteristics of the subject, learners’ motivation and learning 
facilities. Combination of several learning methods should be a 
good alternative to a single method. 
It is well known that there are three different domains of 
human learning named cognitive (head: knowing), affective 
(heart: feelings), and psychomotor (hand: doing). The learning 
processes yielded a series of taxonomies for each domain, and 
were arranged in hierarchy, from the simplest functions to those 
that are more complex [3]. Bloom’s taxonomy [4] is an ordering of 
human learning result in the cognitive domain. 
Bloom’s cognitive taxonomy was described and published in 
1956 and had been an essential in various teacher trainings 
(teaching, learning, and assessing) and professional preparation 
for almost 40 years before Anderson and Krathwohl introduced an 
updated version in 2001 [5]. They incorporated a group of 
educators and educational psychologists to help them with the 
revisions. The revised Bloom’s taxonomy can be found in figure 1 
while the comparison between the original and the revised 
taxonomy is explained in table 1. Although these crucial revisions 
were published many years ago, there are still many people 
working in education who have never heard this important work of 
Anderson and Krathwohl in relation to Bloom’s Cognitive 
Taxonomy. 
From mechanical engineering perspective, this new taxonomy 
gives clearer picture about educational objectives in cognitive 
domain, especially for the subject of product design. 
 
Figure 1. Revised Bloom’s Taxonomy  
 
In order to achieve the learning objectives, there are many 
approaches used including the old paradigm of Teacher Centered 
Learning (TCL) and the new paradigm of Student Centered 
Learning (SCL). The main difference between the two is the 
central entity who must be actively engaged in learning things. 
Rogers [6] describes SCL as the shift in power from the expert 
teacher to the student learner, driven by a need for a change in 
the traditional environment. This shift has emphasized focus on 
learning rather than on teaching [7][8]. 
There are several model of SCL discussed in literatures 
including problem-based learning, project-based learning and 
solution-oriented learning.  Problem-based learning has been 
implemented widely in many disciplines, mainly in medicine, 
pharmacy, biology, social, economy, law, as well as engineering. 
In engineering, however, project-based learning is more popular 
due to its unique characteristic (i.e. the creation of artifacts at the 
final phase). This paper discusses a combination of project-based 
learning and solution-oriented learning by using a case study. 
TRIZ, a Russian acronym for the "Theory of Inventive Problem 
Solving – TIPS", is used as a tool to solve the problem identified 
in the project. 
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TABLE 1. BLOOM’S TAXONOMY VS. ITS REVISION 2. INVENTIVE PROBLEM SOLVING 
In general, there are two types of problem: normal problem 
and inventive problem. The former can be solved straight forward, 
while the later may need more comprehensive consideration. 
Inventive problem can be defined as problem with contradiction. 
For example, if we want to improve the speed of the car, we can 
increase the diameter of the cylinder in the combustion chamber 
of the engine. It is however will increase the fuel consumption 
which is not desirable. Hence, in this case, there is a 
contradiction between speed and fuel consumption. In order to 
solve this trade-off, an optimization method is usually used. TRIZ 
(Theory of Inventive Problem Solving – TIPS), proposed an 
alternative to optimization by resolving the contradiction. For the 
aforementioned case, the car should be fast, but the fuel 
consumption should not be increased. 
Altshuller, the founder of TRIZ, screened hundred thousand 
patents to in order to find out inventive problems that have been 
resolved by the invention. From this, a set of 40 inventive 
principles and later a matrix of contradictions were then 
developed. Rows of the matrix show the 39 features of the 
system that typically need to be improved, such as speed, weight, 
accuracy of measurement and so on. Columns refer to typical 
undesired effects. The recommended solutions are listed in the 
matrix cell that consist inventive principles that have been most 
frequently used in patents to resolve the contradiction (Table 2).  
Currently, there is online software developed in order to simplify 
the use of the matrix. The program is available at www.triz40.com 
that can be freely accessed by public.  
 The use of the matrix is not difficult, but generating idea from 
suggested principle is sometimes not easy. For example, there is 
a contradiction when we need a static object to be longer without 
becoming heavier. The improving parameter is length of static 
object and the worsening parameter is weight of static object. 
Hence, based on the matrix, the recommended solutions are; (1) 
parameter change, (2) mechanical substitution, (3) composite 
materials and (4) pneumatics and hydraulics. Depended on the 
system under investigation, these four solution principles can be 
used as a starting point to develop the practical solution of the 
problem. 
3. PENNY-FARTHING : A CASE STUDY  
In mechanical engineering field of study, Product Design and 
Development (PDD) is one of courses that play important role in 
enhancing the competency of student in designing and 
manufacturing. It is expected that after course completion, the 
students are able to achieve the highest level of revised cognitive 
taxonomy (i.e. creating skill). Therefore, a comprehensive 
understanding of industrial product design and a wide-range 
ability to bring the design theory into real implementation are 
needed. Good understanding of PDD concept is a foundation for 
students to do a final project, as it is a combination of many 
important preceding subjects (Figure 2). 
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TABLE 2. PART OF CONTRADICTION MATRIX 
 
Figure 2. Relationship between PDD and other subjects [2] 
 
In order to implement Student Centered Learning in PDD 
subject, a case study has been conducted.  A unique early design 
of high wheel bicycle (Penny-farthing), developed by James 
Starley in 1870, was used as object of learning (Figure 3). 
Students were asked to analyze the design by identifying its 
advantages and disadvantages by making a comparison with new 
current design of bicycle (Figure 4) and then to purpose a new 
concept to remove or reduce the disadvantages without sacrificing 
its advantages. TRIZ concept was recommended as a tool to be 
used for this task. 
The good points of Penny-farting compared to the current design 
identified by students include: 
- Uniqueness of the design 
- Small rear wheel makes the length of bicycle become 
shorter. 
The negative points of Penny-farting identified by students 
include: 
- In order to improve speed, the diameter of front wheel is 
enlarged. This made difficult to ride, especially for 
women. 
- No speed ratio, not convenience for uphill road.  
Figure 3. Penny-farting (J.B. Spector/Museum of Science 
and Industry, Chicago)[9] 
Figure 4. Current bicycle design 
 
Based on those initial comparisons, students were then asked to 
propose new design by using a problem solving tool, in this case 
TRIZ is chosen. A merging concept of ‘carrot-cabbage’ is used as 
initial idea; combining the advantages of two components (Figure 
5).  
Figure 5.  Merging concept for bicycle 
The concept of merging results penny-farting with variable speed; 
keeping uniqueness and improve convenience. However, when 
the system of sprocket and chain is adopted, the problem arises. 
If we use rear-wheel drive, then the diameter of real wheel should 
be enlarged and the total dimension of the bicycle will be longer. 
If we keep the size of real wheel small, than we have problem 
with the speed. This is a contradiction. 
In order to resolve this contradiction, an online TRIZ 
contradiction matrix is used. Speed is chosen as improving 
parameter, while length of moving object is chosen as worsening 
parameter. The matrix proposes three principles including; the 
other way round, spheroidality-curvature, and anti-weight (Figure 
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6).  The explanation of each principle can be found by clicking 
them, as shown in Figure 7. 
Figure 6. The online TRIZ contradiction matrix 
Figure 7. Explanation of a parameter in TRIZ 
Based on the aforementioned suggested principle, “the 
other way round” is then used. Instead of having speed 
transmission in rear wheel, try to have speed transmission on the 
front wheel. After a long elaboration process, the design of front-
wheel drive with variable speed transmission is designed (Figure 
8,9) and finally a prototype is then developed (Figure 10). 
Figure 8. Initial design of penny-farting with variable speed 
4. CONCLUSION 
An inventive problem solving by using TRIZ methodology has 
been discussed in this paper. A case study has been presented in 
order to show its practical example. The use of contradiction 
matrix is clearly explained in the process of improving a penny-
farting design. A prototype of a front-wheel drive penny-farting 
with variable speed transmission has been developed to prove 
the idea. 
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Figure 9. Front-wheel variable speed transmission system 
Figure 10. Prototype of penny-farting with variable speed 
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Abstract: Shell and tube heat exchangers (STHXs) used in the industrial fields such as electric power generation, refrigeration and 
environmental protection, chemical engineering, petroleum refining, steam generation, etc. Baffles are one of the most important parts 
of shell and tube heat exchangers. The purpose of this research is numerical analysis of heat exchanger design models of segmental 
and helical baffle. The angle of baffle are 30o, 45o, 60o , diameter shell is 203.2 mm, shell and tube length is 1270 mm, number of tube 
is 25, mass flow in hot inlet and cold inlet are 1 kg/s and 2.004 kg/s kept constant respectively. The desirable design of heat exchanger 
to obtain a maximum heat transfer coefficient and a lower pressure drop. The result shown that angle of baffle widely result the heat 
transfer coefficient decrease in segmental and helical baffle. Heat transfer coefficient of the helical baffle higher than the segmental 
one. The angle of baffle widely result the pressure drop increase in helical baffle instead of segmental baffle. 
Keywords: Shell, tube, heat exchanger, baffle, segmental, helical.        1 
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1. INTRODUCTION 
For many years, shell and tube heat exchangers (STHXs) 
have been the most widely used equipment in the industrial fields 
including: electric power generation, refrigeration and 
environmental protection, chemical engineering, petroleum 
refining, steam generation, etc. More than 35-40% of heat 
exchangers are of the shell and tube type due to their robust 
geometry construction, easy maintenance [1]. Baffles are one of 
the most important parts of STHXs, they force the fluid of shell 
side to flow across the tubes to ensure high heat transfer rates 
and also provide support for tube bundle. The most commonly 
used baffles, called segmental baffles, cause the shell-side fluid 
to flow in a zigzag manner across the tube bundle. This action 
improves heat transfer by enhancing turbulence or local mixing 
on the shell side, however it also increases the shell side 
pressure drop and requires a great pumping power and as a 
result, increases electricity consumption [2-5]. High range of 
deadzones, backflows and high risk of vibration failure on the 
tube bundle are other disadvantages of above-mentioned baffle 
types. Another type of baffle arrangement, is called helical 
baffles. This type of baffle arrangement, also known as 
helixchanger, minimizes the principle shortcomings in design of 
the conventional segmental baffles and the flow patterns 
produced by this type are also much close to plug flow condition, 
which cause reduction in shell-side pressure drop and improves 
heat transfer performance.Type of baffle was first proposed [6]. 
Helical baffles offer a possible alternative to segmental baffles by 
circumventing the aforementioned problems of conventional 
segmental baffles. Properly designed helical baffles are able to 
reduce fouling in the shell side and prevent the flow-induced 
vibration. In the shell side of traditional STHX with segmental 
baffles, the flow crosses the tube bundle vertically and may 
induce undesirable vibrations. In the shell and tube heat 
exchanger with helical baffles, the helical flow crosses the tube 
bundle in a certain angle relative to the axis and can greatly 
reduce vibrations. 
The purpose of this research to analyze shell and tube heat 
exchanger with comparasing segmental and helical baffle design 
models to get heat transfer coefficient and pressure drop with 
numerical analysis. Angle of baffle are 30o, 45o, and 60o for 
segmental and helical baffle measured from a water-water heat 
exchanger.. Design with Inventor and ANSYS CFX. 
 
2. Methodology  
1. Formulation and boundary conditions 
The governing equations for the mass, momentum and 
energy conservations can be expressed as follows : 
Mass:  డడ௫೔
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Turbulent kinetic energy: 
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Turbulent energy dissipation: 
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The renormalization group k-H model is adopted because it 
can provide improved predictions of near-wall flows and flows 
with high streamline curvature [7-10]. 
Newton's law of cooling, the coefficient of heat transfer coefficient 
of h is the convection which is a constant of proportionality in 
Newton's law of cooling in the equation. Heat transfer coefficient 
between the fluid and the pipe surface can be as follows: 
    ൌ  ୏ୈ                      (6) 
Where,   = convective heat transfer coefficient (W/m2.K) ǡ   = 
Nusselt numberǡ   = thermal conductivity (W/m.K)ǡ  = diameter 
of pipe (m). 
Overall convection coefficient is 
௙ܷ ൌ
ଵ
೏೚
೏భಹభ
ା
೏೚ೃ೑೔
೏೔
ା
೏బ ౢ౤൬
೏೚
೏೔
൰
మೖ ାோ೑ା
భ
ಹ೚
                (7) 
Where, ௙ܷ = total of convection coefficient (W/m2.K) ǡ ୧ = inlet 
convection coefficient (W/m2.K)ǡ ୭ =  outlet convection coefficient 
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(W/m2.K), d1 = inlet tube diameter (mm), do = outlet tube diameter 
(mm),   k = tube conductivity (W/m. K), Rf = fouling factor (W/m. 
K). 
The Log-Mean Temperature Difference (LMTD or οݐ௟௠) is defined 
as 
ܮܯܶܦ ൌ ሺ భ்ି మ்ሻିሺ మ்ି భ்ሻ
௅௡ሺ೅భష೅మሻሺ೅మష೅భሻ
                       (8) 
The practical range of single segmental baffle spacing is 15–1 
shell diameter [1], though optimum could be 40%–50%. The 
baffles are generally spaced between the nozzles. The inlet and 
outlet baffle spacing’s are in general larger than the central baffle 
spacing to accommodate the nozzles, since the nozzle 
dimensions frequently require that the nozzle should be located 
far enough from the tube sheets. For spacing baffle we can get 
from :
݊ܾ݂݂݈ܽ݁ ൌ ௧௨௕௘௟௘௡௚௧௛௕௔௙௙௟௘௦௣௔௖௜௡௚   (9) 
In a shell tube heat exchanger, the conventional segmental 
baffle geometry is largely responsible for higher fouling rates. In a 
helix changer heat exchanger, the quadrant-shaped baffle plates 
are arranged at an angle to the tube axis creating a helical flow 
pattern on the shell side.  
 
2. Computational model 
More than 90% of heat exchangers used in industry are of 
the shell and tube type. Shell tube heat exchangers are the 
workhorses of industrial process heat transfer. They are the first 
choice because of well-established procedures for design and 
manufacture from a wide variety of materials, many years of 
satisfactory service, and availability of codes and standards for 
design and fabrication. One of the most important in the heat 
exchanger is tube, or small pipe. in the use this pipeline in terms 
of operations and in terms of the maintenance. In this design, the 
type of baffle is the type of segment single baffle and helical 
baffle. 
(a) 
(b) 
Figure 1. Type of baffle, (a) Segmental baffle, (b) Helical baffle 
 
3. Result and discussion 
The result of heat transfer coefficient in segmental and helical 
baffle with angle of baffle shown in figure 2. Pressure drop in 
segmental and helical baffle with angle of baffle shown in figure 3. 
 
 
Figure 2. Graphic of heat transfer coefficient vs angle of baffle 
 
 
Figure 3. Graphic of pressure drop vs angle of baffle 
In tube and baffle of helical 300, hot fluid temperature in inlet 
pass through on head, and tube will be countinously dropped 
from 353.156 K until at outlet will be 320.65 K with average 
temperature is 323.752 0C and range of temperature is 288.147 – 
353.156 K. For average temperature on baffle is 315.779 K.  
Tube temperature same as on average temperature, low 
temperature in tube located in range area cold inlet temperature. 
In tube and baffle of helical 600, tube will be countinously dropped 
from 352.349 K until at outlet temperature will be 323.59 K with 
average temperature is and range of temperature is 288.147 – 
353.154 K. 
 
Figure 4.  Temperature at tube and baffle of helical 300 in shell tube heat 
exchanger 
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Figure 5.  Temperature at tube and baffle of helical 600 in shell tube heat 
exchanger  
In tube and baffle of segmental 600 , distribution of pressure 
pass through on head, and tube affectly increasing to high 
pressure, in hot inlet temperature get the highest pressure is 
32748.8 Pa at outlet pressure -183273 Pa with range of pressure 
is 32748.8 – (-183273) Pa. Pressure in tube, from the hot inlet 
until hot outlet having increase the pressure. At the beginning at 
tube from hot inlet heat exchanger get the pressure at 32550 Pa 
and from the last tube from hot outlet get the pressure at 31618.4 
Pa.  
 
 
Figure 6.  Pressure at tube and baffle of segmental 600 in shell 
tube heat exchanger 
 
In tube and baffle of helical 600 , hot inlet temperature get 
the highest pressure is 35479.1 Pa at outlet pressure -43000.9 
Pa with range of pressure is 35479.1 – (-116030). Pa. From hot 
inlet heat exchanger get the pressure at 31922.5 Pa and from the 
last tube from hot outlet get the pressure at 31540.3 Pa.  
 
 
Figure 7.  Pressure at tube and baffle of helical 600 in shell tube 
heat exchanger 
 
4. Conclusion 
1. Heat Exchanger design of shell geometry are outlet shell 
diameter 219.075 mm, inlet shell diameter 203.2 mm, with 
shell length 1270 mm. 
2. Heat Exchanger design of tube geometry are outlet tube 
diameter 25.4 mm, inlet tube diameter 23.29 mm, with tube 
length 1270 mm and tube number 25, diameter tube sheet  
203.2 mm, tube sheet thickness 12.7 mm. 
3. Number of baffle in segmental and helical baffle, for 300 is 4, 
for 450 is 6, and for 600 is 11. 
4. Heat transfer coefficient decrease in segmental and helical 
baffle.  
5. Heat transfer coefficient of the helical baffle higher than 
the segmental baffle.  
6. The angle of baffle widely result the pressure drop 
increase in helical baffle. 
7.  The angle of baffle widely result the pressure drop 
decrease in segmental baffle. 
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Activities 
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Abstract: The needs of fast mover drugs in hospitals should be backed up with supplier performance selections. The demand of this 
type of medications is usually high that leads to the risk of being out of stock. Several criteria relating to procurement can be used in 
supplier selection processes, so the logistic (pharmacy) department is able to supply the products in time. Criteria taken into 
consideration in this research are criteria relating to procurement processes which impact to the internal and external strategy of the 
principals (suppliers). Each criterion is grouped using SWOT analysis and mapped into X-Y diagram to compare the relative standing 
position of one supplier compared to others. Using the diagram, it will help the management to select the best supplier particularly in 
the case of direct appointments in emergency case. 
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1. INTRODUCTION 
Every country, including Indonesia is currently facing the 
challenge of improving public .health sevices. The question is 
how to improve public health services and how to anticipate it 
when dealing with limited resources. Public health services (e.g. 
hospital) is now become a focus of the government towards 
establishing a wellbeing and healthy society. A hospital provides 
services that range from consultations to pharmaceutical services 
to patients. According to the Regulation of the Minister of Health 
No. 119 / Menkes / SK / X / 2004 dated October 19, 2004 
regarding the standard of pharmacy at the hospital, it is stated 
that pharmaceutical services are inseparable from the hospital’s 
health care system, which aim to deliver high quality of services, 
provide good medications and clinic services that are affordable 
to the whole society. While UU No. 44 of 2009 states in Article 15 
that the requirements of pharmacy should ensure the availability 
of quality pharmaceuticals and medical devices. The 
responsibility of health care organization is to implement the 
change that is beneficial to the patient, staff, that leads to the 
growth of the organizations. The primary areas including the 
change in healthcare quality improvement, customer satisfaction, 
improvement of working conditions, and diversification of the 
healthcare workforce. 
However, in practice, hospitals do not always provide good 
services as they are expected to deliver. Frequently that they are 
fail to meet the demand of medications that leads the patients 
buying the drugs from other counters (e.g. chemist). The reason 
of this failure can be due to limited budgets, lack of capabilities of 
the human resources, and lack of supports from suppliers. 
If the limited budget is the reason, then the hospital should 
cooperate with the government or the decision maker to choose 
the strategy of funding towards improving hospital services. If the 
incapability of human resources is the cause, the hospital should 
provide a proper training to the staffs so they can convey better 
quality service outputs. If the supplier capability is the issue, the 
hospital should conduct an assessment or evaluation of the 
supplier’s performances. 
The distribution of drugs in the hospital is part of logistics 
management activities. One of the activities is related to the 
procurement of medications to logistics (pharmacy) departement  
by suppliers, better known as principals. The hospital 
management thinks that demand will increase continiuly, 
therefore, it must be supported  by  principal which has the best 
performance.  The hospital can invoke the principals to improve 
their quality of performance after assessing the their 
performance,. Although over the years if deviations occurred the 
hospital management  has handled this problem by giving a 
penalty to the principals, but this policy has not shown any 
improvement in the performance of the principals. That is why 
need to measure the performance of principals with the right 
method to determine the best suppliers are appropriate and meet 
the company's criterias. 
One of the means of evaluating service quality system in the 
hospital is by conducting Health Technology Assessment (HTA). 
HTA is the systematic evaluation of the properties, effects and/or 
other impacts of health care technology. Its primary goal is to 
provide objective information to support health care decisions and 
policy making at the local, regional, national and international 
levels.” The main purpose of HTA is to provide objective 
information to support health care decisions and policy making. 
HTA programs have therefore to both produce good quality 
information and analysis and to use this material effectively to 
influence decision-makers in health care systems (Hailey, 2003).  
Basically, there are several methods that have been applied 
in HTA which can be used to the healthcare unit. Farzianpour and 
Aghababa used the performance prism model (Hojabri, et al, 
2013). The model is a special focus on knowledge-based and 
learning organization. Specialists believe that learning and 
knowledge-based organization should offer a comprehensive, 
pattern for estimating, evaluating, planning, improving 
performance. So in this model some critical factors that are 
related to learning capacity and organization evaluation including 
some factors like performance evaluation of the organization and 
the main dimensions of prism are related to effectiveness, 
efficiency and performance evaluation. Performance prism 
method does take into account those five perspectives: the 
perspective of satisfaction and stakeholder contribution, 
strategies, processes, and capabilities. Further research is using 
the Balanced Scorecard method, which is a technique for 
measuring how well the implementation of the strategy and the 
success rate that may be achieved in the future. There are five 
different factors that need to be considered when making an 
analysis using Balance Score Card in the health care 
organization and health care sectors, the unit analyzed, 
objectives, data, methods and respondent (Zekman, Pink and 
Matthias, 2003). 
Applying HTA into a healthcare unit, the supplier is one of the 
factors influencing the performance of healthcare units in 
providing services. It is vital to map the capabilities of the 
suppliers in terms of their strength, weaknesses, opportunities 
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and threats using SWOT analysis. By mapping suppliers’ 
capabilities, it is expected to help management to choose the 
best supplier that can work best with the pharmacy unit. SWOT 
analysis has been used extensively in other industries, but only 
limited applications that have been used in healthcare units 
(Kahveci 2008). SWOT analysis is an examination of an 
organization's internal strength and weakness, opportunities for 
growth and expansions, and treats. Specifically, SWOT is a basic 
and candid model that assesses what a business can and cannot 
do, as well as its potential opportunities and threats. The method 
of SWOT analysis is to take the information from an 
environmental analysis and separate it into internal (strengths 
and weaknesses) and external issues (opportunities and threats).  
Originally designed for use in other industries, but its usage in 
healthcare is increasing (Harrison, 2010). In addition, the 
application of a SWOT analysis a part of the Health Technology 
Assessment (HTA) related evaluation of the forms of 
collaboration with other stake holder (e.g. academic institutions, 
professional association etc). It is also aimed to collect and share 
the information and lessons among stakeholders to formulate and 
implement national strategic plans concerning capacity building 
for and introduction of health intervention and technology 
assessment, and summarizing best practices in a transparant, 
evidence-informed health policy and decision. although based on 
the SWOT analysis for the four case studies in  different part of 
health care sector in the Netherlands stating this method does is 
not suitable as a tool for strategic analysis in health care in many 
European countries (Van Wingaarden, Scholten and Wijk, 2012). 
SWOT matrix can clearly describe how external opportunities and 
threats facing the company can be customized with its strengths 
and weaknesses (Rangkuti, 2010).  
2. Methodology 
The type of this research is descriptive research where this 
research aims to explain systematically about the facts and the 
properties of an object. The purpose of descriptive research is to 
obtain a profile or relevant aspects of the phenomenon of interest 
of an organization or group. The initial phase of this study is to 
classify the drugs using Pareto diagram. Category A has few 
inventory stocks (10-20%), but the demand is high (75-80%), 
category B which has medium scale of supply (20-30%) and the 
total value of their use reaching up to 15-20% (about 
accumulated 95%), category C which has a high inventory (50%)  
and the total value of its use 5-10% (accumulated up to 100%). 
Category A is called fast moving product. In addition, category V, 
which means the vital drugs and should always available (e.g. live 
saving medications, etc.). Another category, E which means an 
essential medicine needed to strike the diseases but not 
classified as vital drugs. Furthermore, category N is introduced 
that means a non-essential drugs, less important. Based on this 
grouping, it will determine the group of principals/suppliers that 
will be studied. 
The next step is to develop a questionnaire based on four 
considered variables. Each variable consists of required criteria 
defined by pharmacy units in assessing suppliers’ performance. 
The respondents of this study are internal management of the 
organization who are considered to be well informed regarding 
the suppliers’ performance. 
3. RESULTS AND DISCUSSION 
To assess the performance of suppliers which have been 
supplying the supply to the pharmacy department, there are 
eleven criteria that are asked to internal pharmaceutical staffs as 
follows:  
1. Performance history records. 
2. Business Focus. 
3. Supplier capacity which means the ability to meet the 
demands as requested by pharmacy units. 
4. Human and attitude. 
5. Timely of order fulfillment. 
6. Guaranty and warranty, which means the principals' 
responsiveness in handling complaints about the warranty 
that has been promised 
7. Price 
8. Geographical location. 
9. Quality of the products. 
10. Financial capability. 
11. After sale services 
In this study, the following phases were used:  
1. Designing questionnaire to respondents who related to 
procurement activities of drugs in pharmacy department. 
There are five principals are observed and the  
questionnaireis generated by the criterias.  
2. 2.Analizing each criteria and grouped into the internal factors 
(strength and weakness) and external factors (opportunity 
and threat), see table 3.  
3. the mapping is done in X-Y curve where the highest and 
lowest values of each criteria as a benchmark. 
4. Designing the priorities strategies to principals. 
Initially observed variables grouped into internal factors 
(strength and weakness) and external. as well as external factors 
(opportunity and threat). Internal factors are analyzed from within 
the company itself, which is the determining factor of customer 
satisfaction. While external factors from outside the company that 
could affect the company's reputation. 
Variables included in the factor strength and weakness are 
shown in Table 1 below : 
Tabel 3. Hasil Analisis SWOT 
 
Result of SWOT analysis  in X-Y graph are presented in figure 
1. 
 
Gambar 1. X-Y mapping  of Principals 
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Abstract:  Reservoir pressure is reduced as a result of oil production continuously at high speed is the background to do the injection 
process waterflooding. The selected prediction method is Craig Geffen Morse to predict the time of injection, production rate, the 
amountof water injection and recovery factor after injection. From the calculation method of Craig Morse Geffen timerequired initial 
stage until 108days interference, interference phase to fill up the stage after 118 days, when breakthrough stage is about 408days, 
theafter breakthroughstage is about 1280 days or about 3,6 years and get cumulative oil production amounted 317.315 STB. This 
project has been injected water from beginning to end as much as 1,6 MMBBL and getting  recovery factor about 11% and thetotal 
recovery factor about 42 %.  
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1. INTRODUCTION 
Oil production is continuously causing declining production 
rates and reservoir pressure will decrease causing oil reserves 
remaining in the reservoir. The second stage method after a 
reservoir close to the limit economically through the acquisition of 
the first stage is called secondary oil recovery. How to increase 
the acquisition of spare second stage is by using water as a 
medium for injection that helps improve oil recovery during 
production. Therefore we need a method to inject water into the 
reservoir so that the water column will fill the pores of reservoir 
rocks and oil presses in pore pressure reservoir so that the 
reservoir can be maintained and increased production are 
referred to as waterflooding injection. 
Waterflooding injection method is also used as one of the 
utilization of water injection so that a production cut due to falling 
reservoir p ressure to be overcome. Based on the above 
information, then, came the idea to p lan the injection well 
waterflooding injection wells in 1011 using Craig Geffen Morse 
method [3]. 
 The objective of this research is 
(1) Determine the state of water injection wells,  
(2) Determine the time of water injection,  
(3) Knowing the production rate,  
(4) Knowing the recovery factor total.  
Waterflooding is a method of in jection fluid into the reservoir, 
where water as a med iu m for in jection will be injected into the 
reservoir so expect the water will push the oil contained in the 
reservoir layer to get production well and up to the surface. 
Waterflooding water in jection is also intended to maintain 
reservoir pressure is reduced so that there is also pressure 
maintenance process, and the process is carried out in the 
reservoir zone. The determination of this injection done based on 
several considerations including favorable mobility displacement, 
weight of the water column in the well helps suppress, thus 
reducing injection pressure [9]. Suppressor fluid (water) is easily 
dispersed in the reservoir. 
2. EXPERIMENTAL DETAILS 
a. Methods 
Fro m Craig Geffen Morse method, this method is one of 
the most thorough and practical to p redict performance 
inverted 5-spot. This method considering displacement 
mechanis m is leaky displacement in the area swept 
(floodfront average water saturation). 
For the calculation method is divided into four stages: 
(1) The init ial phase until the interference, do pinpoint the 
amount of water in jection to the stage of interference with 
the following equation  
(2) Phase interference to fill up at the stage where the water 
began to push oil gas residing in the zone. This calculation 
is done to determine the amount of injection  
water required to fill the stage. 
(3) Phase fill up until breakthrough which at this stage 
injection flu id starts to drag the oil to get to the production 
well. As for doing this calculat ion to determine the amount 
of water to be injected. 
(4) Phase after breakthrough where oil began to be 
produced until the water starts to be produced back injection 
fluid. Calcu lations at this stage to know water o il ratio, 
recovery factor and the time required to at this stage. 
The data collection was systematically carried out by 
taking into account aspects - aspects of the need to be 
obtained from these data. The data collected are primary 
data in the form of reservoir data, pressure, log 1011, log 
1013, PVP, production history. While the secondary data is 
the supporting data from the primary data obtained fro m the 
literature rev iew, a map of the area, a laboratory result data 
on water quality, water co mposition and determination of 
appropriate filter size . Data processing is performed by 
using primary data and secondary data. Primary data 
processing is done by qualitative with graph readout of 
pressure, reservoir data, core analysis of data, the data of 
pressure volume temperature (PVT), then the primary data 
processed by means of quantitative methods, Craig Geffen 
Morse. 
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Fig.1.  Oil Rate Actual 
 
Fig.1. shows the production wells were first production in 
April 2012 and had become a mainstay wells or wells that 
produce more than 1.000 bopd in February 2014 to December 
2014. In January 2015 production began to decline to be 500 
bopd. Meanwhile for Injection wells not already producing again 
and already has a value of water cut up to 100% since December 
2012. Therefore, the wells in 1011 in the fix into the injection 
wells. 
 
TABLE  I. Data Reservoir 
  
Data Value 
A, acre 39,52 
h, ft 65,6 
I , % 24,5 
Swc, % 14,7 
Soi, % 85,3 
k, mD 129,6 
Bo, bbl/STB 1,1665 
(μo), cp 1,17 
(μw), cp 0,3 
 
Table 1. shows the data of reservoir 
These methods take into consideration some o f the 
processes are ignored in other classic methods, in which 
the model assumes Craig Geffen Morse 
(1) incompressible fluid (uncompressed).  
(2) Pressure capillary ignored.   
(3) Darcy's law applies.   
(4) Ho mogeneous, 2-dimensional (area), isothermal and a 
porous medium.   
(5) Distribution of in itial flu id uniform and no oil production 
to fill-up that only gas produced.  
(6) After a breakthrough increase in localized areas and oil   
produced  
(7) The rate of injection is not considered, depending on the 
level of production fro m the initial conditions to flood out. 
(8) There were no cross flow in the stream-lined.  
 
 
3. RESULTS AND DISCUSSION  
3.1. Selection of Injection and Production wells 
Selection o f inject ion and production wells should be 
in a single layer so it is unknown whether the injection 
process went well or not. In planning waterflooding injection 
takes two wells are injection wells and production wells. The 
location and the distance between the injection wells and 
production wells should be expected that the injection 
process will run efficiently. 
Based on the map of the structure can be seen in 
injection wells and production wells have to be in a straight 
line marked by wells in 1011 as in jection wells and wells in 
1013 as a production well. Based on the data log on, 
injection wells in 1011 was the formation of Mahakam, a 
layer Y located at a depth of 748-780 meters are planned as 
injection wells, wh ile the production wells are wells in 1013 
wh ich is the formation of Mahakam, a layer of Y wells in 
1013 is located at a depth of 685 - 706 meters. Based on 
data from the reservoir can be seen that the reservoir rock 
such as sandstone. 
 
 3.2.  Waterflooding  Calculation  Using  Geffen  Craig  
 Morse Method            
 The stages of this method of calcu lation is divided into 
 4 stages among which the early stages until the interference, 
 these conditions  are taken into account to determine the  
 efficiency of displacement, the number of initial injection  
 of water and time required. The amount of fluid in jection is  
 193,866.78 bbl required by the displacement efficiency of  
 0.06 is still less than 1, which means that the fluid injection  
 are behind oil. And the total t ime required at th is stage is  
 108 days.            
 The second stage is the stage of interference to fill up 
 the  water  until the stimu lation phase depleted gas is 
 produced so that pore spaces filled by gas. The result of the  
 calculation  phase  obtained  interference  to  fill up  water  
 injection amount of  246,619.05 bbl so the total time  is  
 118.75 days to fill up phase.          
 The third stage is the stage fills  up until breakthrough 
 which  is  an  indication of  the start of  oil production in  
 production  wells.  Interest  calculation  at  this  stage  to  
 determine the amount of water  inject ion, production rate  
 and recovery factor until breakthrough stage. The result of  
 the calculation stage fill up until the breakthrough obtained  
 water in jection amount of 481,522.08 bbl with a 
 production rate of  171 bopd and cumulat ive production  
 amounted to 50,343.56 bbl.          
 The next stage is  the stage after breakthrough were 
 taken into account to determine the rate of production of  
 water, oil and the time required to run out of oil produced.  
 Total   time   calculation   results   obtained   until   after  
 breakthrough   phase is 1280 days with cumu lative 
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Fig.2.  Oil Rate Comparison 
Fig.2. shows the difference in oil flow rate. Difference in oil 
flow rate at the t ime of breakthrough by 73 bbl and in time after 
the breakthrogh by 45 bbl. Shown in the graph there is a 
decrease lau waterflood oil flow on day 133 to be below the 
actual oil flow rate chart. This is due at the time of the ongoing 
phase fillup interference towards the stage where the in jection is 
not met and the oil zone was filling the depleted zone formation. 
4.  CONCLUSIONS 
 
1. On this layer mobility ratio values were obtained at 1.2 
then under these conditions the water flows faster than   
oil penetrate rock.  
2. The period fro m the beginning of the in jection until the 
interference. 1011 in jection wells and production wells   
in 1013 the theoretical t ime it takes fro m the beginning 
of the injection water reaches the interference was 108 
days.  
3. Period of interference until fillup. In the calculat ion, fo r 
the time necessary fillup days 11.45 days of 
interference. Then the time it takes fro m the in itial 
stage until the interference is 118 days with the water 
injection volume amounted to 246,619 bbl.  
4. The period fillup until b reakthrough. 1011 injection wells 
and production wells in 1013 with a d istance of 1312 ft t 
ime needed breakthrough time is 409 days with cu mu 
lative o il production amounted to 58,386 STB.  
5. The period after the breakthrough. There is a cumulat ive 
earn ing extra oil on the last day that the draining area 
to 0.9 of 317,315 STB. While the actual cumulat ive oil p 
roduction amounted to only 108,069 STB. 
6. The method of forecasting Craig Geffen Morse have 
Recovery Factor 11%, wh ile the actual 31% in the long 
term 1280 days . Finally CGM method can be   
declared a success. 
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Volcanogenic Tonsteins from Bukit Asam Coalfield, South Sumatra 
Basin, Indonesia 
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Abstract: In the Muara Enim Formation, at least 18 coal layers are found, however only five main coal seams layer in Bukit Asam 
coalfield e.g the A1 and A2 (Mangus) seams, B1 and B2 (Suban) seams as well as C (Petai) seams are considered economic to be 
mined. A major influence on the evolution of peat mires and coal formation in the Muara Enim Formation was volcanic activity during 
the deposition. Volcanic eruptions in the surrounding area produced ash which accumulated as claystone layers or tonsteins in the 
coal seams. Based on systematic field mapping, several tonsteins layers were founded and sampled in the research area, e.g. 
tonsteins in interseam layer of A1, A2, B1, B2 and C seam. This paper only focused on the tonstein in between B and C seam. The 
mineralogy of the tonsteins has been evaluated using thin section and qualitative X-ray diffraction (XRD) techniques. Tonstein in Bukit 
Asam coalfield, consisting mainly of kaolinite, quartz, dickite and calcite. The results suggest that these tonsteins were derived from 
acid volcanic ash fallout, which was subsequently altered into relatively kaolinitic rocks through hydrolysis and diagenesis in a peat-
bog environment. The tonsteins in Muara Enim Formation are significance in providing distinctive horizons for stratigraphic correlation 
purposes. 
Keywords: Tonstein, Bukit Asam Coalfield, Muara Enim Formation.        1 
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1. Introduction 
Tonsteins are widespread clay bands or partings as the 
alteration product of volcanic ash that associated with coal beds, 
contains dominantly glass from the original ash and phenocysts 
of quartz, magnetite/ilmenite, kaolinite, smectite and other 
minerals [1]. Tonsteins layer were founded in almost tertiary coal 
basin in Indonesia including Bukit Asam coalfield, South 
Sumatera, Indonesia. Charactheristics of tonstein in Bukit Asam 
coalfield based on [2] showed that Rb, Cs and major element K 
are highly leached from tonstein while elements Ga and Ti were 
immobile and residual in tonstein. Tonsteins has been used 
widely in coal geology, e.g. as a tool for radiometric dating, 
identify paleo-depositional environments, and parameter to 
identify coalification, diagenesis and coal quality [1]. The 
presence of tonsteins also influence the composition of macerals 
in coals. Coals were enriched in desmocollinite, tellinite and 
detrocollinite at top of the tonstein layer as result of poorly-
drained swamp conditions, while coals below the tonsteins layer 
were enriched in semifusinite, inertodetrinite and fusinite as result 
of well-drained swamp condition [3]. 
Thus, study on tonsteins characteristics in the research area 
especially for stratigraphic correlation purpose is becoming very 
important  
2. Geological Background 
The Muara Enim Formation (MEF) was deposited during 
regressive period of a transgressive-regressive cycle in the South 
Sumatera Basin [4]. The thickness of Muara Enim Formation is 
around 500 – 700m, about 15% of which is coal. Top and bottom 
of this unit are defined by the upper and lower occurrence of 
laterally continuous coal beds. The formation consists of stacked 
shallowing-upward parasequences, typically 10 – 30 m thick, with 
shallow marine or bay clays at the base, and shoreline and delta 
plain facies (sand, clay, coal) at the top, see Figure 1. 
Coals rank in the MEF of Bukit Asam coalfield are vary from 
sub-bituminous to semi-anthracite as the result of igneous 
intrusion of andesitic composition [2]. The MEF can be divided 
into two units, the lower unit are the most economic coal in Bukit 
Asam coalfield, consists of A seams (Mangus), B seams (Suban) 
and C seams (Petai). This unit dominantly consists of coal, dark 
grey to black shale, brownish – grey claystone and sandy 
claystone. While the upper unit consists of shale, coal, tuff, 
claystone and sandstone. The boundary between lower unit and 
upper unit is the top of A1 seam (upper Mangus). The age of this 
formation is Late Miocene – Early Pliocene [5]. 
 
Figure 1. South Sumatra Basin Stratigraphy [5] 
 
3. Sample and Method 
Systematic field mapping has been conducted in the Banko 
field and several tonsteins layers in interseam layer of A1, A2, B1, 
B2 and C seam have been founded. In this paper, we only focused 
on collecting and analyzing tonstein samples in between B and C 
seam (Figure 2). 
There were 6 samples for thin section and XRD (bulk powder 
and oriented clay) analysis. XRD analysis with oriented clay 
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method (air dried, ethylene glycol and heated) is very useful to 
analyze clay mineral that cannot be determined by thin section 
analysis. 
 
 
Figure 3. Outcrop of tuffaceous coal (a) of C seam, claystone (b) 
and sandy tuff (c) tonstein layers of interburden B1-B2 seam on 
the Banko field. 
 
4. Result 
4.1. Systematic Field Mapping 
Based on Figure 2, there are very thin layer of tuffaceous coal 
(sample TS-1 and TS-3) on the top of C seam. The thickness of 
the two layers are 5 cm to 15 cm, respectively. Thin clean coal 
seam in between those layer is also sampled and analyzed and 
called as TS-2 sample. Megascopically, TS-1 and TS-3 samples 
are light gray in colour and the roof this layer is sandstone. TS-2 
is dull banded friable coal.  
Claystone (TS-4), coal (TS-5) and sandy tuff (TS-6) in between 
B2 and B1 seam are sampled and analyzed. TS-4 is 20 cm to 25 
cm, grey to the yellowish grey with laminated sedimentary 
structure. TS-5 is 25 cm, black, and dull banded. Sandy tuff is 20 
cm, light grey with clay to sand grain size (Fig. 3) 
4.2 Petrographic Analysis 
Tonsteins samples are examined under the microscope and 
shows granular with a median grain size of about 100 μm and a 
maximum of 1 mm. The grains are dominant composed of 
feldspar as well as quartz and opaque minerals in minor 
composition (Fig. 4). Most of the feldspar are altered to kaolinite. 
Quartz grains have low sphericity and subangular and indicate as 
a product of  explosive volcanism rather than normal sedimentary 
processes. Kaolinite grains are mainly consist of fine-grained 
kaolinite with orientated inclusions, and appears isotropic or with 
weak aggregate polarization. This is suggests an original altered 
volcanic rock fragments or plagioclase feldspar. 
4.3 XRD Analysis 
The results show that kaolinite is the dominant mineral found 
in XRD analysis, with only small amounts of other minerals (Fig 5 
and 6). Based on Figure 5 and 6, tonsteins shows well-ordered 
kaolinite. Spears [6] mentioned that tonsteins from an altered 
volcanic ash is characterized by well-ordered kaolinite in XRD 
peak data. Quartz, feldspars, dickite, and calcite are found as 
minor constituent. 
 
Figure 4. (a) thin section of samples TS-3 (b) thin section of samples TS-
1. (c) quartz as filling fractures in samples TS-6. Opq = opaque mineral, 
Fsp = feldspar, Qz = quartz 
 
Figure 5. XRD of samples TS-3 (a), TS-2 (b) and TS-1 (c). K = kaolinit, Q 
= quartz 
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Figure 6. (a) XRD of samples TS-6 (a) and TS-4 (b). K = kaolinit, Q 
= quartz, D = dickite 
5. Discussion 
The megascopic description and laboratory analysis shows 
tonsteins in the reseach area is mostly composed of volcanic 
material. Altered feldspar and clay mineral are observed from thin 
section analysis. Based on XRD analysis, most of the clay 
mineral is composed by well-ordered kaolinite that is indicated 
volacanic ash origin. 
 
Previous study indicate that the presence of tonsteins in coal 
influence the percentage of maceral composition in coal seam [2]. 
The plies macerals and megascopic characteristics of the 
plies immediately below and above the tonsteins in the adjacent 
coal layers. The plies below the tonstein generally have a ~10 cm 
of bright banded coal, have higher liptinite, inertrinite, 
detrovitrinite, and detrital macerals higher mineral content. On the 
other hand, the plies above tonstein show less convincing trends. 
In some areas, samples from this plies contain less detrital 
macerals than the coals immediately above but on the other 
hand, some of ply samples have higher. 
6. Conclusion 
A major influence on the evolution of peat mires and coal 
formation in the MEF was volcanic activity during the deposition. 
Volcanic eruptions in the surrounding area produced ash which 
accumulated as tonsteins in the coal seams. The study of the 
tonsteins in Bukit Asam coalfield has revealed their macroscopic 
characteristic such as have 15 to 20 cm in thick, light colored and 
mostly composed of kaolinite as well as quartz, dickite, feldspar, 
and calcite as minor constituents. Based on the mineralogical 
composition, tonsteins in the research area were derived from 
acid volcanic ash fallout, which was subsequently altered into 
relatively kaolinitic rocks. detrital maceral contents.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Within the distinctive characther in term of megascopic 
charactheristic as well as mineralogy composition, tonsteins 
layers in the research area is useful to be used as a 
stratigraphic marker for correlation purposes. 
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Abstract: Southern Mountain of East Java is an Oligocene-Miocene volcanic lane or better known as OAF (Old Andesite Formation) 
which are dominated by rocks that were derived from the Oligocene - Miocene volcanic activity which generated a certain 
morphological features. Study in its geomorphology, structural geology and volcanostratigraphy are all related to the activities of 
ancient volcano which is why it’s crucial for primary metals exploration. Geomorphological analysis in research area shows a landform 
that is relatively circular and semi-radial flow pattern. Tuff unit, magmatic hydrothermal breccia unit, pyroclastic breccia unit, Breccia 
tuff unit, andesite lava coherent units, Dacite and Andesite intrusion  are volcanic rocks that has been altered into either prophylitic, 
argillic or silisification followed by development of primary metals mineralization. In geomorphological point of view, these specific 
areas are known as Khuluk (a collection of rocks/sediment generated by one or more crater that formed one body of volcanic activity) 
Tegalombo ancient volcano. Identification of the ancient volcano in this area is urgently needed for future exploration technique in 
primary metals. 
Keywords: Southern Mountain, Tegalombo ancient volcano, primary minerals exploration.      1 
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1. INTRODUCTION 
South East Java Mountain is part of the product that 
manifested when Eurasian plate traveled northward and Indo-
Australia plate traveled southward. These tectonic processes 
directly affected the structures in our research area, i.e. having 
fractures and fissures due to tectonic activity. 
The research area is located in Southern Mountain of East 
Java, specifically in the northern part of Pacitan Regency named 
Tegalombo. Based on tectonic, it is part of the Tertiary magmatic 
arc containing Sunda-Banda (Carlie and Mitchell, 1994).  
Rocks formed on magmatic arc are generally economically 
valuable minerals. Research area composed of the rest of ancient 
acidic-basic volcanism that has undergone certain alteration and 
mineralization (Samodra, et at., 1990). Undergone a process of 
alteration and mineralized (Samodra et al. 1990). 
Based on previous research, tectonic and Oligo-Miocene 
volcanism is what controls the formation of rocks in the area. 
Proofs such as intrusion, fissures, volcanic crater, fault and 
breach occurs at almost throughout the area. 
Hydrothermal fluid that enters through either primary or 
secondary porosity which caused by structures around the heat 
source would altered physically and chemically and thus creating 
a hydrothermal system. Gold and copper are the example of 
valuable minerals formed in this kind of setting, in a certain 
location called the quartz vein and hydrothermal breccia.  
Bronto, 2010 stated that this ancient volcano is either Tertiary 
or older. It’s crucial to understand about the ancient volcano and 
its development of magmatism and volcanism, for it will give us 
the bigger picture about this particular area geological setting. 
Regional geology map sheets of Pacitan (Samodra et.al , 
1992) shows widespread of Mandalika Fm and Arjosari Fm. 
Which contains the ideal characteristics of volcanic rock that had 
been stated before. When usually mineral exploration would take 
a long time, with a high risk of being failing. By combining the 
concept of geological structure and geological analysis of the 
ancient volcano, we can easily minimize the risk of not finding the 
prospect zone for economically valuable ore mining and do it 
precisely and accurately. 
By knowing the facies classification of the area, we can 
deduct many conclusion. For example, what type of rocks will we 
find, what kind of valuable mineral we can mine?, that is if we do 
our analysis and interpretation exceptionally, which is very likely 
by using this method. 
By using certain key points in analyzing, that are 
geomorphological feature, geological structure, lithology, and 
ancient volcanic study in facies then followed by combining the 
four aspects. 
1. GEOLOGICAL SETTING 
As stated by Bemmelen in 1949, Tegalombo and its 
surrounding areas including the Southern Highlands zone of East 
Java physiography is an Oligocene-Miocene volcanic arc. 
Consisting of volcanic and carbonate rocks that relatively dipped 
towards the south. 
Pacitan Regional Geological Map based on sheet released by 
Samodra, et al, (1992) shows that research made up of 
Mandalika Fm and Arjosari Fm. Arjosari Fm contains contains 
tuff, lapilli tuff, conglomerate, sandstone and claystone. Formation 
of Mandalika is composed by volcanic breccia, lava, tuff and 
sandstone. 
The structure in that contains our research area has been 
previously studied more thoroughly by Pulunggono and 
Martodjojo (1994) in a bigger scale. Structures are generally 
trending northeast-southwest, which is believed to be the older or 
the structure of Meratus plate movement. And trending west-east 
which is believed to be part of Sundanese plate movement. 
However, our research is focused in a much smaller scale. 
Specifically refers to the local structures found in the outcrop that 
caused by volcanic activity such as internal structure of lava flows 
and intrusion. diating and flattens out menjauhui Center, and the 
internal structure of lava flows and intrusion. 
 
2. RESEARCH METHODOLOGY 
Includes study in literature, satellite imagery data (SRTM, 
2007) than can be used while interpreting geomorphological 
feature of the area, geological structure in a bigger scale, 
geological survey, and lithology variation.
Then comes the field part, where we records various data in 
each available outcrop throughout the area. These data includes 
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lithology, profile, structures, photos and analysis. Combining our 
field records we will then do a throughout analysis in studio. 
 
3. BACKGROUND 
A volcano is an opening that became the starting point for 
rock and or gas to exit onto earth’s surface, and the accumulation 
of products that build up around these openings form is called hill 
or mountain (Macdonald, 1972).  
Hartono (2000), visualized or modelled a volcano in a 
geological approach so people can interpret outcrop data and 
interpret the source of an ancient volcano (Fig. 1). The forming of 
a volcano is related to certain processes such as eruptions and 
exogenous. Whereas in determining each facies is based on 
characteristic in lithology, and its distance from the source of 
eruption. 
Research in volcanic facies can be very useful in exploring 
new resource for sulphide mineral, based on volcanic center 
concept for gold exploration strategy (Bronto & Hartono, 2003; 
Bronto, 2003b). Interaction between acidic gas, metal and heat 
from magma with meteoric water inside the conduit of volcano will 
developed into hydrothermal fluid that will eventually turned into 
altered rocks and minerals. Conduit (or as known as diatreme) 
vent and volcano pipe located below the crater and above 
magma chamber. This means that there are mineralized deposits 
in central volcanic facies. Therefore in order to find new 
resources in minerals, the first step is to determine the order of 
volcanic facies. 
This paper aims to identify the existence of an ancient volcano 
that produced the tertiary volcanic rocks in the area. With 
reference to volcanic center concept for gold exploration strategy 
(Bronto and Hartono, 2003). This research may also help find 
new resources of mineral deposits that are associated genetically 
with volcanoes (volcanogenic mineral deposits) in the early 
stages as the research on metal mineral exploration process. 
This research aims to identify the existence of an ancient 
volcano that produced the tertiary volcanic rocks in the area. With 
reference to the concept of the center of the volcano as a gold 
exploration strategies (volcanic center concept for gold 
exploration strategy; Bronto and Hartono, 2003). This research 
may also help find new sources of mineral deposits that are 
associated with the genetic origin of volcanoes (volcanogenic 
mineral deposits) in the early stages as the research on metal 
mineral exploration process. 
4. RESULTS 
Geomorphology 
Generally the topography or morphological pattern of the area 
is controlled by lithology and geological structure i.e. faults and 
fractures and also indication about it being an ancient volcano 
(having rough terrain and circular pattern) (Fig. 2). These circular 
pattern stops when it reach the southern part of research area. 
The area is shaped like an escarpment that is built up by rock 
with high resistance such as igneous rocks either lava, intrusion 
or breccia on the higher part. And pyroclastic rocks such as 
volcanic sandstone, pyroclastic sandstone and tuff on the lower 
part. The valley or the high and low of the area is trending the 
same way as the fractures. 
Structural Geology 
Aside from the circular pattern of the area, there’s also a 
symmetrical side trending northwest-southeast (Fig. 3). 
Geological structure in research area are similar to the ones 
expressed by Pulonggono & Martodjojo (1994), Sunda and Java 
pattern. 
Here we found structure trending west-east, but the most 
common are the ones trending northwest-southeast that allegedly 
are evolution from a smaller but intense tectonic that only occurs 
around the area and also the youngest structure. 
Stratigraphy 
Almost all of the research area built up by volcanic rocks and 
intrusion. We characterized each rock unit by combining field 
records and maps from previous research. Here we have two 
formation of rocks, Mandalika Fm and Arjosari Fm. Also igneous 
rocks such as andesitic lava-Mandalika (Soeria Admadja et all., 
1993) and Sutanto et al., (1994) conduced a radiometric dating K-
Ar around Gedangan, Tegolombo on lava andesite aged 42,73 
million y.o (Middle Eosen) and basaltic lava 33,56 million y.o 
(Late Eosen). 
Based on classification in volcanic rocks, Tegalombo is built 
up by lava andesite unit (Fig. 4), pyroclastic breccia unit (Fig. 5), 
magmatic hydrothermal breccia (Fig. 6), tuff breccia (Fig. 7&8) 
and tuff unit (Fig. 9). Tuff unit is part of Arjosari Fm, while the rest 
of the units are part of Mandalika Fm (Fig. 12) . Generally rocks 
on this area has undergone alteration processes with high 
intensity pervasive pattern. 
In addiction to volcanic rocks, we also found intrusion such as 
dacite intrusion (Fig. 9), andesite intrusion (Fig. 11). Both 
intrusion have also undergone a pervasive to non-pervasive 
alteration process with high to almost none intensity (Fig. 10&11). 
DISCUSSION 
James Hutton (1700) suggests a geological law which reads 
"The present is the key to the past". And that is also our method 
in a simplified term, where we record present data on field and 
determine whether it is an ancient volcano or not. Though in 
geomorphological point of view, it already shows the 
characteristics of an ancient volcano. 
The landscape of volcanic remnants in the research area is 
supported by the fact that they have a centripetal flow pattern 
from all around into one point that is said to be the central of 
volcano or caldera. Based on volcanic morphological evolution by 
Hartono (2010), this area is characterized as a erode slopes 
volcano (Fig. 13). 
In terms of stratigraphy and variations in lithology the research 
area is the result of an ancient volcano activity. Variation of 
lithology consists of andesite lava coherent units, pyroclastic 
breccia, magmatic breccia, hydrothermal, Tuff breccia and tuff 
units, which have all been undergone alteration with pervasive 
patterns with low to high intensity, having learned this revelation 
we can safely concluded that the area is indeed a product of an 
ancient volcano. This research uses modelling from Bogie & 
Mackenzie (1998) (Fig. 14). 
The picture shows the characteristic of present day volcano 
that we use to combine with ancient volcano thought not every 
facies will be available. 
Central facies is the opening of magma chamber. In our 
research area it is characterized by hydrothermal-magmatic 
breccia, pyroclastic breccia, andesite lava coherent, and andesite 
and dacite intrusion. Every rocks in this facies has undergone 
pervasive alteration with high to low intensity. Dacite intrusion has 
the lowest intensity due to the youngest intrusion on the ancient 
volcano. 
Proximal volcanic facies is closest to the center of the 
eruption. In this research area, this facies is characterized by tuff 
breccia unit and tuff unit. Also all of the rock units in this facies 
has undergone alteration process with pervasive to non-pervasive 
pattern with high to low intensity. This facies spreads out circling 
the central facies.
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Medial and distal area does not surfaced on the research 
area, either it is covered by other rocks or had been eroded away, 
or both. 
Overall, the lithology formed an semi-circular patterns around 
the suspected center of the ancient volcano. An ancient 
Mesozoikum volcano that is part of Khuluk (a collection of 
rocks/sediment generated by one or more crater) Tegalombo. 
The naming behind Khuluk is based on Indonesia 
Stratigraphic Law. Khuluk is a group of rocks that formed from 
one or more crater. 
Based on G.J. Corbett and T.M. Leach, 1996 about 
conceptual modelling of fluid flow system in epithermal Au 
deposits and Au-Cu deposits in Pacific circum, epithermal high 
sulfidation and porphyry, magmatic fluid with high acidic will 
control mineralization system in its zone. By comparing this 
concept, it can be concluded that fissures can evolved into 
channel way of magmatic fluid and minerals with epithermal high 
sulfidation will evolved, e.g. Au-Cu (Fig. 15). The occurrence of 
magmatic breccia unit, it indicates that there is in fact a high 
sulfidation epithermal system. 
In addition of the rate of intrusion on the area, especially on 
the central facies, we can safely assume that there is a possibility 
of porphyry deposit of Au-Cu or Volcanogenic Massive Sulfide 
deposit system in Tegalombo. 
5. CONCLUSION 
Identification of ancient volcano uses certain key points such 
as geomorphology, geological structure and stratigraphy and 
other occurrences that further proved the idea of ancient volcano, 
Khuluk Tegalombo with two facies, central facies and proximal 
facies. 
Having the identification of ancient volcano and primary 
mineral resources in this area we can concluded that base metal 
will thrive. But to make sure the economical values of minerals I 
suggest we do an even further research in geological mapping 
and geological structures and assessment on mineral economical 
values.  
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Lithology Analysis Using Joint PP and PS (Converted Wave) Inversion  
Hafidz Dezulfakar, Gigih Prakoso W, Nova Linzai, Firman syaifuddin, Widya Utama 
Teknik Geofisika, Institut Teknologi Sepuluh Nopember (ITS), Indonesia 
Abstract: The usage of P-wave (PP-wave) on the seismic exploration provides poor description of subsurface lithological conditions, 
especially in fluid gas saturated areas. PS-wave (converted wave) which is the result of reflection of P-waves into S-waves has been 
used to solve these problems by using the inversion process which combines with PP and PS seismic data simultaneously (joint 
inversion). The results of joint inversion are acoustic impedance parameter (P impedance), shear impedance (S impedance), density 
and derivative parameter such as Vp/Vs ratio which more sensitive with lithology and fluids. The result of the inversion such as 
parameter of P impedance, S impedance, density, and Vp/Vs ratio with correlation value 0.955339, 0.936588, 0.923806 and 0.781296 
respectively. The distribution of sandstone and shale lithology distinguished by crossploting the parameter of P impedance and S 
impedance. Hydrocarbon-saturated sandstone reservoir distinguished by crossploting the parameter of P impedance and Vp/Vs ratio. 
Thus, the gas sand reservoirs can be estimated lies between the depth of marker on the wells beta1 and MF4 which around 1350 ms 
and 1400 ms. 
Keywords: Converted Wave, P Impedance, S Impedance, Vp/Vs Ratio, Lithology.        1 
                                                        
e-mail: hafidzdezulfakar@gmail.com 
1. INTRODUCTION 
Seismic exploration uses P energy propagating downward into 
subsurface, it will convert the seismic wave energy to reflected 
wave and transmitted into two type of wave S- wave and P-wave. 
If P-wave used as source, and geophones received the P-wave it 
is known as PP wave but if it is received S-wave it is known as 
PS wave [1]. The application of PP and PS wave are very useful 
in the oil and gas exploration especially in characterized the 
reservoir lithology and its fluid. Due to the characteristic of P-
wave and S-wave when it passes a lithology, both waves will give 
a different information. Unlike P-wave, S- wave can’t be able to 
propagate in fluid medium so that S- wave character is not 
sensitive to fluid presence, in this case saturated reservoir 
lithology. When P-wave and S-wave propagate through fluid 
saturated lithology, therefore the P-wave velocity will decrease 
while S-wave velocity will be constant (Vs will increase but 
insignificant, so assumed to be constant). Therefore, by 
comparing the P-wave and S-wave velocity (Vp/Vs ratio) can give 
a better subsurface imaging for lithology. The Vp /Vs ratio in 
seismic stack can be obtained by using an inversion combined 
seismic data PP and PS in simultaneous (joint inversion). Vp/Vs 
ratio is an inverted P- impedance and S- impedance ratio from 
joint inversion [2].  
The joint PP and PS inversion aim to analyze the type of 
lithology reservoir using Vp/Vs ratio. 
2. LITERATURE REVIEW 
A. Converted Wave 
Wave conversion is a change type of wave which occured 
when a wave hits an interface, transmitted and reflected. In 
seismic exploration case, when P-wave hits an interface at a 
certain incident angle, it is reflected upwards as a P-wave known 
as PP-wave and if it is reflected upwards as an S-wave known as 
PS-wave. PP-wave is affected by P-wave propertied which the 
particle movement is parallel to the direction of propagation 
compress the medium particles. While PS-wave is affected by S-
wave properties which the particle movement is perpendicular to 
the direction of propagation cause the medium particles become 
torsion and the down-going wave with a certain incident angle will 
reflect and leave compression and tortion on the particles of the 
boundary create PP and PS reflection shown in figure (1). 
Figure 1. P-wave reflected conversion in a medium 
 
B. Joint PP-PS Inversion 
The joint simultaneous inversion of PP and PS seimic data is 
to estimate P-impedance (Zp), S- impedance (Zs) and density (ρ). 
Joint inversion PP-PS consider the seismic trace as the 
convolution of seismic wavelet with the earth’s reflectivity. 
 
Where R is the reflectivity coefficient, W is the wavelet and S is 
the seismic trace. 
Aki- Richards equation show the relation between reflectivity 
coefficient to the rock physical parameters such as velocity and 
density which was re- formulated by separating the P and S wave 
reflectivity coefficient by Fatti et al [1] can be written as: 
ܴ௉௉ሺߠሻ ൌ ܿଵܴ௉ ൅ ܿଶܴௌ ൅ ܿଷܴ஽               (2) 
Where c1 = 1+tan2θ, c2 = –8γ2sin2θ, c3 = –0.5tan2 θ+2γ2sin2θ and  
γ =VS/VP. 
Russel et al.[3] perform the Simmons and Backus [2] which 
discuss linearized the P- reflectivity (RP), S- reflectivity (RS) and 
density reflectivity (RD), are given by: 
ܴ௉ ൌ
ଵ
ଶ ቂ
ο௏ು
௏ು
൅ οఘఘ ቃ ൌ
ο௓ು
ଶ௓ು
                 (3) 
ܴௌ ൌ
ଵ
ଶ ቂ
ο௏ೄ
௏ೄ
൅ οఘఘ ቃ ൌ
ο௓ೄ
ଶ௓ೄ
                 (4) 
ܴ஽ ൌ
οఘ
ఘ                         (5) 
 
S = W*R               (1) 
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Buland dan Omre [4] give an approximation that allows to 
invert the P- impedance (ZP), S- impedance impedansi S (ZS), 
and density (ρ) shown in following equation: 
ο௏ು
௏ು
ൎ ο݈݊ ௉ܸ                  (6)  
By combining equation (1) wit equation (3), (4), (5) and (6) will 
give: 
ܵሺߠሻ ൌ ሺͳȀʹሻ஼ଵܹሺߠሻܦܮ௣ ൅ ሺͳȀʹሻ஼ଶܹሺߠሻܦܮ௦ ൅ܹሺߠሻ஼ଷܦܮ஽      (7) 
Where S is the seismic trace, W is the wavelet matrix, D is the 
derivative matrix and L is the natural logarithm from impedance.  
Equation (7) could be used for inversion in condition that there 
is a relation between impedance parameter and density. 
Relationship between P- impedance, S- impedance and density 
[3] shown as follow: 
ሺܼ௦ሻ ൌ ݇ሺܼ௣ሻ ൅ ݇௖ ൅ οܮௌ                (8) 
ሺܼ஽ሻ ൌ ݉൫ܼ௣൯ ൅ ݉௖ ൅ οܮ஽               (9) 
Coefficient k, kc, m, dan mc determined from the well log analysis 
in the area. 
By combining equation (7), (8) and (9), it can be expressed in 
matrix form as:  
൦
ܵሺߠሻଵ
ܵሺߠሻଶ
ڭ
ܵሺߠሻே
൪ ൌ ൦
ܿଵ෥ܹሺߠଵሻܦ ܿଶ෥ܹሺߠଵሻܦ ܿଷ෥ܹሺߠଵሻܦ
ܿଵ෥ܹሺߠଵሻܦ ܿଶ෥ܹሺߠଶሻܦ ܿଷ෥ܹሺߠଶሻܦ
ڭ ڭ ڭ
ܿଵ෥ܹሺߠேሻܦ ܿଶ෥ܹሺߠேሻܦ ܿଷ෥ܹሺߠேሻܦ
൪ ൥
ܮ௉
οܮ௦
οܮ஽
൩(10) 
 
Joint inversion PP and PS not only use PP data but also PS, 
the seimic PS theory will use the linearized form of the equation 
Aki Richard and Frasier (Aki and Richards, 2002, Richards and 
Frasier, (1976) shown by Margrave et al.[6]: 
ܴ௉ௌሺߠǡ ߮ሻ ൌ ܿସܴ௦ ൅ ܿହܴ஽               (11) 
Where,  
ܿସ ൌ െݐܽ݊߮ሾͶߛݏ݅݊ଶߠ െ Ͷܿ݋ݏߠܿ݋ݏ߮ሿ 
ܿହ ൌ ݐܽ݊߮ ൤
ͳ
ʹߛ ൅ ߛݏ݅݊
ଶ߮ െ ܿ݋ݏߠܿ݋ݏ߮൨ 
Identical with PP seismic, using the small reflectivity 
approximation in equation (3) and (4), we can therefore re-write 
equation (5) as:  
ܵ௉ௌሺߠሻ ൌ
஼ర
ଶ ܹሺߠሻܦܮௌ ൅ ܿହܹሺߠሻܦܮ஽                (12) 
We can combine the matrix equation (10) and equation (12) so 
it will give us a general matrix expression for joint inversion PP 
and PS as:   
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Equation (13) has combined PP and PS input data in matrix 
form. Furthermore, the iteration will be proceed using initial P-
impedance model using conjugate gradient method [5]. 
3. METHODOLOGY 
First step in joint PP and PS inversion  is to input seismic data PP 
, PS and well log data. Furthermore, well to seismic tie proceed in 
each seismic data to correlate the well location to seismic data. 
Next step is picking the horizon based on geology marker (top 
formation) at well location. An initial low- frequency model used to 
start the inversion, which generated from the interpolation 
between P-wave well data and low- frequency density by 
following the horizon that already picked before. The input data 
for joint simultaneous inversion is seismic data PP and PS, low- 
frequency model and a well data wavelet. After that, lithology 
analysis can be obtained from well dat sensitivity test and applied 
in the final inversion P-impedance, S-impedance and its 
derivative Vp/Vs ratio. Flowchart of methodology shown in 
figure(2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Methodology Flowchart 
 
4. RESULT AND DISCUSSION 
The inverted result of P- impedance, S- impedance, density 
and Vp/Vs ratio match with data well which the correlation value 
0.955339, 0.936588, 0.923806 dan 0.781296 respectively. Vp/Vs 
ratio extracted from the seismic data obtained from P- impedance 
and S- impedance ratio shown in figure (3). It is shows an 
obvious lithology in vary but not show the lithology type yet. 
 Lithology analysis is performed to test the sensitivity of the 
wells. The first step is analyzed well data’s clay volume and 
porosity shown in figure (4). It is shown the distinguished 
normality log in the horizon1 and horizon2 lies between the depth 
horizon1 to beta 1 and of beta1 to MF4. In the depth of horizon1 
until beta1 have normal porosity higher than in the depth of beta1 
until MF4, as wel as demonstrated by the clay volume log that 
both depth have different normal values. The distinction normality 
log value is affected by sedimentation and deposition process. 
The sensitivity test performed at a depth of beta1 until MF4 
caused by the contrast anomalies in the depth range. On the 
other hand, there is no anomalies in the depth of horizon1 until 
beta1. The anomaly at depth of beta1 until MF4 shown by the 
black box in figure (4). The anomaly has a low clay volume and 
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high porosity which is can be interpreted as sandstone layer that 
has low clay content and high porosity. Therefore, a sensitivity 
test was performed at depth beta1 to MF4. Figure (5.a) shows 
cross-plot between clay volume and porosity depth beta1 to MF4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Well log volume clay and porosity in two depth range  
horizon1 to beta1 and beta1 to MF4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is shows that there are two distinct zones that indicate different 
lithology. The first zone is showed by yellow color has a high 
porosity values 0.3 to 0.37% and low clay volume value 0 to 0.2 
so that the yellow zone can be interpreted as a sandstone 
lithology zone. The second zone is showed by gray color has a 
lower porosity and higher porosity than sandstone lithology zone. 
The zone can be interpreted as shale lithology.  
Furthermore, to determine the relationship between both 
lithology with parameter P and S impedance, the sensitivity test is 
performed using crossplot between data log P-impedance and S- 
impedance shown as color scale in porosity log in figure (5.b). 
There are two distinct zones which indicates a different lithology. 
The first zone illustrated with yellow color has low P-impedance 
value range 4250 to 5000 ((m/s)(g/cc)) and  low S- impedance 
value  range  2100 to 2600 ((m/s)(g/cc)). The first zone also has 
an equal porosity value with crossplot zone in figure (5.a) 0.3 to 
0.37 marked with green color data according to the color scale 
porosity in crossplot. It concluded that the yellow zone is 
sandstone lithology and the gray zone is shale lithology.  
The next sensitivity test is to perform impedance P crossplot 
log data to Vp/Vs ratio as shown in figure (5.c). Sensitivity test is 
intended to determine the zones with hydrocarbon content. It is 
shows that a red zone with porosity 0.3- 0.37 as a color scale, low 
P- impedance value 4250 to 5000 ((m/s)(g/cc)) equal to the 
crossplot in figure (5.b) and  low Vp/Vs ratio value 1.85 to 2.05.  
Low Vp/Vs and P- impedance indicate gas hydrocarbon 
presence. It supported by the results in fluid substitution modeling 
where Vp will slightly decrease in oil and gas case along with the 
decrease water saturation. While Vs is increases when there is 
hydrocarbon presence but not sensitive shown by a relative flat 
graph shown in figure (6.a) and (6.b), it can be demonstrated by 
low value of Vp/ Vs. Low impedance shows the distinct between 
oil and gas, it is shown by fluid substitution modelling that density
represent lower density in gas case than oil case with decreasing 
water saturation as shown in figure (7). By combining the low  Vp/  
Figure 3.  Inverted Vp/Vs Seismic stack 
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Vs value and P- impadance it can be interpreted that the lithology 
saturated with gas.  
Therefore, by applying the sensitivity test in figure (5.b) and 
(5.c) to the inverted P- impedance, S- impedance and Vp/ Vs 
ratio obtained the distribution of sandstone and shale lithology 
and gas sand reservoir.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thereby, in the depth of beta1 until MF4 we can interpret as a 
sandstone and shale lithology shown in figure (8.a). Sandstone 
lithology represented with yellow color while shale represented 
with gray color. The blue color around the well indicate that 
sandstone lithology occur in depth of 1350 ms to 1400 ms. The 
indication of sandstone lithology saturated with gas in figure (8.b) 
represented with red color. According to the well (blue color), the 
sandstone saturated with gas occur in 1350ms to 1400ms. 
 
 
Figure 7. Graph density over water saturation
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Figure 5. Crossplot sensitivity test. a) porosity (x- axis) with clay volume (y- axis), b) P- impedance (x- axis) with S- impedance (y- axis), b) 
P- impedance (x- axis) with Vp/Vs ratio (y- axis) on color scale as a porosity log value 
Figure 6. a) Relationship between velocity (x-axis) and water saturation 
(y-axis) in gas case, b) Relationship between velocity and water 
saturation in oil case 
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5. CONCLUSIONS 
There are several conclusions from this experiment: 
¾ P- Impedance, S- Impedance and Vp/Vs ratio are the result 
from joint inversion which effective in analyzing the lithology 
of reservoir. 
¾ The distribution lithology of sandstone, shale hydrocarbon 
saturated are obtained from the joint inversion result by 
following the cross-plot pattern and well sensitivity test. 
¾ Gas presence shown by a low P-Impedance 4250 to 5000 
((m/s)(g/cc)) and low Vp/Vs ratio 1.85 to 2.05. 
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Figure 8. Lithology distribution from inverted crossplot analysis. a) sandstone (yellow), shale(gray), b) gas sand 
reservoir (red). 
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Analysis on Reverse Fault Structure of Kendeng Zone in Nampu Area, 
Boyolali Regency, Central Java  
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 Universitas Pembangunan “Veteran” Yogyakarta, Indonesia 
Abstract: Geological structure especially in relation to thrust fault is strongly related to tectonic compression which results in a 
deformated area. Kendeng Zone is a back-arc basin which has many thrust faults and folds in Java Island. Kendeng Lane is a fold-
thrust lane. A fold-thrust lane is directly adjacent to volcanic arc. Asymmetric to reverse folds as well as thrusts oriented torelatively 
west-east direction are often found and are typical characteristic of this arc. Reconstruction of balanced cross-sections is a very 
important procedure in making a good geological section in order to get a section close to the real condition. This method is very useful 
in conveying configuration of geological structure of concerned area more informatively and communicatively. In making balanced 
section, deep knowledge of stratigraphy, fault sequence, and characteristics of faults (McClay, 2003). The restoration done in section 
showed that the results of shortened score was 31.30% (2.77 km) with construction ration of (L’/Lº) scoring 0.68 and strain (ε) of 0.31. 
The results of section reconstruction showed that reverse fault system suitable with reverse fault in study area is the type of trailing 
imbricates fault. 
Keywords: Geological Structure, Kendeng Zone, Reconstruction, Restoration .         1 
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1. INTRODUCTION 
Geological structure is an interesting object to study, 
especially in relation to thrust fault since tectonic process 
happens in the form of compression which causes an area 
become deformated. Besides, Kendeng Zone is the back-arc 
basin which has many thrust faults and folds in Java Island. 
Thrust fault in Kendeng Zone often restricts the adjacent rock 
unit; for example, the contact between Pelang Formation and 
Kerek Formation as well as between Kerek Formation and  
Kalibeng Formation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The research area is located in the Kendeng Zone, specifically 
in the Boyolali Area, western Kendeng (Figure 1). At the present 
day, the Kendeng Zone is restricted by the Quaternary Volcanic 
Arc to the south and the Rembang Platform to the north. The 
Kendeng Basin consists of Miocene volcanic turbidite deposits 
derived from the  
Southern Mountain Arc. The first uplift of the Kendeng Zone 
occurred during Late  
Pleistocene (De Genevraye and Samuel, 1972) due to 
northward movement of the Australian Plate, resulting in 
shortening of the basin and becoming an east-west trending 
foldthrust belt. 
This journal is the summary of the writer’s research results 
supported by the previous writer, which includes: Geological  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
arrangement of the research area, particularly studying the 
characteristics of thrust fault  to obtain the appropriate cross 
section model in accordance with the balancing cross section 
reconstruction method. 
 
Kendeng Zone 
and research
Figure 1. East Java Physiography map (Van Bemmelen,1949) 
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2. GEOLOGICAL FRAMEWORKS 
A. Physiography of Kendeng Zone 
Kendeng Zone is the main depocenter at Eocene-Miocene in 
East Java containing pelagic sediment and thick volcanogenic 
sequence, which is the upthrust belt and folds directed to East-
West (Figure 1). Flexural loading of the crust by the chain of 
volcanoes contributed significantly to subsidence in the Kendeng 
Zone (Smyth et al., 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Regional Stratigraphy 
Most sediment opened in Kendeng Zone is at the age of 
Neogen or Quater. Those sediments often have different facies 
both from the west to the east and from the south to the north. 
The stratigraphy of Kendeng Zone starts when the sediment 
experiences precipitation in Kendeng basin coming from erotional 
sedimentation series occurring in northern of East Java basin. 
(Figure 2). 
The followings are the three main mega-sequence of Kendeng  
Zone stratigraphy: 
1. Sequence of Eocene-Early Oligocene;  
2. Sequence of late Oligocene-Miocene;  
3. Sequence of Plio-Pleistocene.  
Sequence of Eocene-Early Oligocene is associated with the 
beginning of East Java Basin spreading. The part of Late 
Oligocene-Miocene differs from the sequence beneath it due to 
regional imbalance. The position of sequence of Plio-Pleistocene 
does not correspond above the sequence of Late Oligocene-
Miocene. 
Both clastic and volcanic rocks have the characteristic of 
carbonate. In general, they are turbidite deposits which are 
lithology dominating Kendeng basin. Those turbidite deposits are 
from deep sea deposits environment. 
C. Tectonic Framework and Structure of Eastern of Java 
Island 
Main structure pattern of eastern of Java is a unique area 
because this area is the intersection of two main structures that 
are between Meratus-directed structure towards northeast-
southwest and Sakala-directed structure towards east-west 
(Pertamina-BPPKA, 1996; Sribudiyani et al., 2003) (Figure 3).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Meratus-directed structure is developed more in offshore area 
of East Java Basin, whereas Sakala-directed structure develops 
to land of eastern part of Java. East Java Basin has an active 
geodynamic history developing since Late Cretaceous until 
present time. Deformation during Plio-Pleistocene can be divided  
into three phase/stadia, first phase is fold resulting Geantiklin 
Kendeng which has general direction from West- East and 
subducting in East Kendeng, second phase is faulting and can be 
divide into two parts such as faulting due to folding and faulting 
due to ductile deformation became brittle deformation because 
the rock reaching maximum plasticity. Both faults are reverse 
fault even thrust fault (Figure 4). Third phase is Kendeng Zone 
basin base blocks movement which cause North-South Slip fault 
(Figure 5). 
In general, structures in Kendeng Zone are: 
1. Fold, fold structure in Kendeng Zone mostly 
asymmetrical fold even there is overturned fold with general 
direction West-East. 
2. Reverse fault, in general it associate with fold 
which has South dip and usually contacts between formation 
or formation member. 
Figure 2.  Regional stratigraphy of Kendeng Zone according to some authors, Pringgoprawiro, 1983 (left), 
Samuel and de Genevraye,1972 (mid), Smyth et al, 2005(right). 
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3. Slip fault, it orientation in Kendeng Zone  is 
dominantly North East-South West and South East-North 
West. 
4. Dome structure, in Kendeng Zone dome 
structure can be found in Sangiran at the age Quaternary 
rocks. That prove shows that dome in this area formed by 
second phase deformation, when Pleistocene. 
3. METHODS 
This study is based on the integration of detailed surface 
geological mapping and balanced cross section. 
A. Geological Mapping 
This research was done based on detailed surface geological 
mapping. Detail geological mapping along with measured 
stratigraphy cross section have also been carried out. The results 
of detail geological mapping are in the form of geological maps 
with five rock units from the old to the young ones: Pelang marl 
unit (Late Oligocene-Mid Miocene), Kerek calcareous-sandstone 
unit (Mid Miocene), Kerek calcareous-claystone unit (Mid 
Miocene-Late Miocene), Kalibeng claystone-limestone, and 
Alluvium Deposits (Holocene) (Figures 6 and 7). 
B. Balanced Cross Section 
Reconstruction of balanced cross section is a very important 
procedure in making good geological cross section in order to 
obtain the cross section close to the real condition. This method 
id very useful in conveying the geological structure configuration 
of related area more informatively and communicatively. In 
making balanced cross section, deep knowledge on stratigraphy, 
fault sequence, and characteristics of faults are necessary 
(McClay, 2003). Balanced cross section is also useful for 
examining the validity of obtained structure geometry, including 
fault model analysis, length of rock layer and consitency of cross 
section area (Marshak and Mitra, 1988). One of the main keys in 
the procedure of making balanced cross section is cross section 
restoration, aiming at finding out the geological condition before 
deformation occurs. The weakness of balanced cross section 
restoration in that it ignores strike slip. 
Ther results of cross section restoration in A-A’ slide show that 
thrust fault system belongs to the type of trailing imbrication 
where the accommodation of displacement of main fault is 
distributed to smaller faults in the footwall, so the amount of the 
magnitude and the direction of movement sense becomes 
consistent (Boyer and Elliott, 1982) (Figure 9). The results of 
balanced restoration was then used to do the calculation in order 
to find out the shortening value, contraction and strain ratio in the 
research area. As for A-A’ cross section, the shortening value id 
31% (2.7 km) with contraction ration (L’/Lº) of 0.68 β and strain (ε) 
of 0.31. (Figure 8) and (Table 1). 
C. Interpretation of Structure Mechanism 
According to geological structure analysis, the research area 
can be interpreted that it is located in back-arc basin zone where 
sediment basin is closely related to fold-thrust belt. Foreland zone 
is also called as external zone with the characteristics of less 
dominant plastic deformation, and non-penetrative strain 
(Marshak and Mitra, 1988). Therefore, it can be concluded that 
upthrust in the research area is related to “thin-skinned” tectonic 
which works in a stratigraphy layer with magnitude reaching less 
than one hundred kilometers, and it does not involve the 
movement of base rock (McClay, 2000), consisting of fold-shifting 
structurs restricted by detachment on the base part (Figure 10).  
 
4. CONCLUSIONS 
1. Detail geological mapping resulted in five rock units from 
old to young: Pelang marl unit (Late Oligocene-Mid 
Miocene), Kerek calcareous-sandstone unit (Mid 
Miocene), Kerek calcareous-claystone unit (Mid Miocene-
Late Miocene), Kalibeng claystone-limestone, and 
Alluvium Deposits (Holocene) (Figure 6 and 7) 
2. The geological structure developing in the research area 
consist of upthrust, wrench fault, and folds related to 
shifting-fold belt in foreland zone due to compression 
tectonic with relativity north-south directed stress, which is 
during the age of Plio-Pleistocene. 
3. The reconstruction of cross section resulted in upthrust 
system suitable for upthrusts type in the research area, 
which is trailling imbricates fault type (Boyer and Elliott, 
1982). 
4. The result of cross section restoration was then used to do 
calculation to find out the shortening value, contraction 
ration, and strain in the research area. The results of 
restoration in A-A’ cross section show that the shortening 
value is 31.10% (2.77 km) with contraction ration (L’/Lº) of 
0.68 and strain (ε) of 0.31. 
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Figure  4.  Regional cross section of bukit Jiwo in the south to Muria mount in the north area, (de Genevraye and Samuel, 1972); (Kadar,1986); (Ardhana 
1993); and (P. Lunt, pers. comm , 2002) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Geological structure of Java based strain ellipsoid kinematics models (Satyana, 2004) 
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Figure 6. Geology Map in Research Area (Author, 2014) 
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    Figure 7. Regional stratigraphy in the research area (Author, 2014) 
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Figure 8. Structural restoration of research area 
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Figure 9.  Thrust systems, (Boyer dan Elliott, 1982) in the research area type of thrust system is Trailing Imbricate Fan 
 
  
 
 
 
 
 
 
Figure 10. Foreland Zone (Red box) the tectonics of back arc,overtrust-fold lane forming zone (Boyer and Elliott, 1982)  
 
  Table 1.  The calculation result restoration on cross section A-A’ 
          
NO. l0 l' Strain 
Contraction 
Ratio Shortening 
A-A' (cm) (cm) (ε) (β) (%) 
0 44,7 44,7 0 1 0 
1 44,7 33,7 0,246085 0,753914989 24,60850112 
2 44,7 32,8 0,266219 0,733780761 26,62192394 
3 44,7 32,57 0,271365 0,728635347 27,13646532 
4 44,7 30,83 0,310291 0,689709172 31,02908277 
 
 
 
 253 
ISBN 979-587-621-1 
Mineral Analysis on Load Test of The Tanjung Bunga Coastal Area  
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Abstract: The Coastal area of Tanjung Bunga, Makassar city is continuously being reclaimed to become a coastal city and has 
experienced an increasing physical loading. This study aims to investigate the changes found from sediment load test on the beach 
using CBR Test (California Bearing Ratio) (Fine Sand 2451.36 - 2498.77 kg / cm3, Medium Sand 2015.05 - 2195.57 kg / m3 and 
Coarse Sand 2460.62 to 2495, 52 kg / m3) shows comparably textural change to the origin. Sampling method of the coastal sediments 
is acquired using hand bore which is set down up to the depth of 5 meters in 3-point locations, following the profile and direction of 
sedimentation. Laboratory analysis of the samples used smear slide following method of petrographic analysis of 18 samples covering 
coarse sand, medium sand and fine sand. The findings give important information on their compositions and shapes. The 
compositions are quartz minerals ranging from 20 to 25%, hornblende is about 5-20%, 5 to15% pyroxene, plagioclase 5 to 15%, 5 to 
15% orthoclase, biotite 10 to 20%, and opaque minerals 10 to 25%. The shapes are as follows, rounded to sub-rounded grain size are 
coarse sand to fine sand, where the correlation between mineral grains are even on each sample. On the fine sand samples, mineral 
amount of 80-100% damaged, 14-40% of the mineral are cracked, 15-45% split and 35-43% wrecked, for moderate sand the amount 
of minerals that are damaged 70-93%, 10-30% mineral cracked, split 18-28%, and 40-57% wrecked. And coarse sand mineral amount 
of damaged 90-100%, 5-25% minerals cracked, split 15-40% and 50-70% wrecked. We found a relationship between the amounts of 
damage minerals with value addition of the CBR test. The result shows coarse sand sediments have high values of CBR test with the 
big number of damaged minerals. 
Keywords: coastal sediments, minerals, mineral texture, petrographic, and CBR test. 1 
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1. INTRODUCTION 
Tanjung Bunga Beach, characterized by a spit form,  is 
changing gradually and composed vertically by incoherent coastal 
sediments and fluvial-deltaic layer is considered thick, the 
resistivity is 0.1 to 402 Ohm m, the value of Ф 1.3 - Ф 2.4 (fine 
sand - moderate ), relatively gentle topography of the coast and is 
influenced by the tides. Soil covering the coastal region typically 
contain large amount of pyrite mineral (FeS2), [1]. They also 
consist of resistant weathered mineral that is relatively higher 
compared to easily weathered minerals, and generally this soil is 
rich with kaolinitic quartz mineral types [1]. 
Fig.1. Research Location Map 
 Minerals found in sediments at the river mouth of Jeneberang 
River consists of quartz, hornblende, pyroxene, orthoclase, 
plagioclase, biotite and metallic minerals in larger quantities, the 
size of fine sand to coarse sand and rounded to sub-rounded 
shape [2]. 
Quartz mineral (SiO2) is one of the main mineral constituent 
of sedimentary rocks and considered as stable mineral that most 
often found in clastic sedimentary rocks. Minerals in coastal 
sediments make up 65% of sandstones and approximately 30% 
of claystone [3]. The composition of sandstones are dominant in 
stable minerals include quartz, [3] which is part of a stable 
mineral group. 
California Bearing Ratio (CBR) test, as one method of testing 
the ability of the soil to the load, which is carried out in the field 
and in the laboratory. In this study,  laboratory CBR test were 
treated of 18 sediment samples from three locations, generally 
show changes in the size and shape of the mineral surface is 
cracked, torn to pieces, were found in the sediment of fine sand, 
medium sand and coarse sand. 
2. EXPERIMENTAL DETAILS 
A. Field investigation. 
Sampling location was determined in 3-point drilling to a 
depth of 5 meters using Handbore, which follows the coastal 
sedimentation profiles. Sampling, observation and measurement 
of items in each sample drawn by adding a depth to 50 cm to the 
ground. 
B. Analysis of field data 
 From the 3 drilling point drawn at the top and bottom, six 
sediment samples of fine sand, 6 moderate sand and 6 sediment 
sample of coarse sand analyzed through sieving by using a mesh 
size of 30, dried and grouped by the size of the mineral. 
Furthermore, the samples were rinsed of dirt and clay minerals, 
then partially prepared into a smear slide and thin section and 
partly by the test loading with CBR Test. Sediment sample used 
after the loading test will continue prepared into smear slides and 
thin slice. 
C. Analysis of laboratory data 
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Before and after the loading with CBR Test, the thin section 
samples were observed using a polarizing microscope with 
magnification of 50 x, to determine the composition and 
quantity of minerals. Smear slide samples were also observed 
using a polarizing microscope to determine the grain size and 
grain shape. The test load was conducted to determine the 
value of the decline occurring per unit of time and the loading 
rate on the sediment. 
 
3. RESULT AND ANALYSIS 
Sand is grain non clastic material derived from natural 
sources, as well as occurs naturally and is composed of fine 
materials consisting of minerals and rock particles [4]. To observe 
the characteristics of the soil, whether it was residual soil or 
depositional sediment, depends on two factors, the natural 
characteristics of soil particle itself (including; the size, shape and 
mineral composition) and the content of certain particles in the 
soil. In other words, these factors refer to the composition and 
structure [5]. 
Results of research on sediment samples in the area of 
Tanjung Bunga Makassar, showing the grain size, fine sand 
(0125 to 0.25 mm), medium sand (0.25 to 0.50 mm) and coarse 
sand (0.50 to 1.00 mm ) of Wentworth Scale (1934) in the Boggs 
(2001) [6]. Mineral form is sub-rounded - rounded. Mineral 
composition is 20-25 % quartz, 10-20% biotite, 5-15% orthoclase, 
5-15% pyroxene, 5-15% plagioclase, 5-20% hornblende and 
opaque mineral 10- 25%. 
The CBR Test results indicate mineral found damaged from 
a ruptured, torn to pieces, and the relationship between the 
percentage of damaged minerals with a value of California 
Bearing Ratio (CBR)  Test to the fine sand, medium sand and 
coarse sand (Figure 1,2 & 3). On the fine sand sample the  
amount of mineral damaged is 80-100%, 14-40% mineral 
cracked, split 15-45% and 35-43% crushed, medium  sand 
amount of minerals that damaged 70-93%, 10-30% mineral 
cracked, split 18-28%, and 40-57% wrecked. And for coarse sand 
mineral amount of damaged 90-100%, 5-25% minerals cracked, 
split 15-40% and 50-70% wrecked. This data shows that the 
amount of damage minerals is more common in coarse sand, and 
level of damaged and wrecked are more minerals than mineral 
that are cracked and split. 
The value of CBR tests on samples of fine sand from 
2451.36 to 2498.77 kg / m3,  medium sand was 2015.05 to 
2195.57 kg / m3 and coarse sand 2460,62- 2495.52 kg / m3. This 
shows that the value of CBR tests on coarse sand is higher than 
the fine sand and the moderate size sand. This can be explained 
that the abrasive sand has a high value of CBR test and the 
amount of damaged minerals that much, so the amount of 
damaged minerals with the addition of CBR test values have a 
positive correlation. 
 
TABLE 1. Table of damage percentage of fine sand  
FINE SAND 
SAMPEL CRACKED SPLIT WRECKED SUM 
DAMAGE 
GRADE 
OF CBR 
TEST 
1 30 18 40 88 2015,05 
2 10 25 40 75 2090,84 
3 10 25 55 85 2108,11 
4 15 28 57 70 2190,93 
5 23 25 45 93 2195,97 
6 17 23 45 85 2130,45 
Fig.2.The percentage damage of fine sand. 
 
Fig.3. The percentage damage of coarse sand. 
 
TABLE 2. Table of damage percentage of medium sand 
MEDIUM SAND 
SAMPEL CRACKED SPLIT WRECKED SUM 
DEMAGE 
GRADE 
OF CBR 
TEST 
1 30 18 40 88 2015,05 
2 10 25 40 75 2090,84 
3 10 25 55 85 2108,11 
4 15 28 57 70 2190,93 
5 23 25 45 93 2195,97 
6 17 23 45 85 2130,45 
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Fig.4.The percentage damage of coarse sand 
 
TABLE 3. Table of damage percentage of coarse sand 
COARSE SAND 
SAMPEL CRACKED SPLIT WRECKED SUM 
DEMAGE 
GRADE 
OF CBR 
TEST 
1 10 20 70 100 2460,62 
2 5 40 50 95 2451,97 
3 25 28 37 90 2470,84 
4 10 20 60 90 2480,08 
5 10 15 65 90 2487,12 
6 15 10 65 90 2495,52 
 
This is supported by the differences in the characteristics of 
the geotechnical index of soil, which is almost a diverse and 
proportions of minerals are different. [7] These different 
characteristics, and the degree of change resulted from: (1) the 
imposition depending on gradation component of soil, (2) 
characteristics of mineral depletion, (3) the amount of average 
loading. Whereas the degree of resilience of the imposition of 
individual particles remains constant. While the average change 
in porosity, pore number and weight of the unit are depending on 
the soil permeability. [8]. 
Individual particles are minerals that show the microstructural 
characteristics, such as mineral composition, grain size, mineral 
damage (cracked, split and wrecked), and the overall 
microstructure, has been considered by some authors as the 
microstructure parameter to determine the characteristics of the 
mechanical behavior of sediment and rock. Microstructure refers 
to the characteristics of the surface were observed in thin section 
under a microscope in the millimeter scale. And some authors 
use texture and microstructure as synonyms [8]. Micro fractures 
are in the form of cracked, torn and wrecked, (figure 5) as well as 
the grain size, in this case is considered as volume (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Quartz monomineral micrograph photos before the 
imposition of CBR (A) and the appearance after loading CBR (B) 
photographed with a total magnification of 100X. 
 
 
 
 
 
 
 
Fig.6. Quarts (Cracked) (A), Hornblende (Split) (B) and (Wrecked) (C). 
 
Microstructural characteristics found are the result of damage 
caused by the increase in pressure from loading. This will be 
particularly important given the pressure history is a very 
important factor for behavioral characteristics determiner of soil or 
sediment and refer to normal soil and soil material on a excessive 
consolidation [9]. 
4. Conclusion 
After given the load in the CBR tests, it is found the 
percentage of damage mineral condition of rupture, split, and 
destroyed are not the same in the fine sand sediments, medium 
and coarse. The graph shows the relative decline or flat, with the 
increasing loading value. 
Quarts common mineral composition, Pyroxene, Hornblende, 
Plagioclase, orthoclase, Biotite and Opaque mineral were found 
with different percentages in fine sand sediments, medium and 
coarse. There is a correlation between the amounts of damage 
minerals with increasing value of CBR test and the coarse sand 
sediments have high values of CBR test with the large amount of 
damage minerals. 
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Mineralogy of Silicified Coal in Muara Enim Formation, 
Tanjung Enim, South Sumatera 
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Abstract: Silicified coal is found in several coal seams of MuaraEnim Formation in TanjungEnim, South Sumatera. Silicified coal 
generally encountered on the top of some particular coal seams, with thickness of 2 – 30cm. This research is aimed to find the 
mineralogical content of silicified coal and its relationship with the surrounding coal. Samples from A2 seam are used for this study. 
Macroscopically, silicified coal is dark gray, hard, lenticular, and some has vein of quartz. Silicified coals are observed using a 
polarization microscope, XRD and ICP-AES for detail. Petrographically, the silicified coals are mostly composed of fine until coarse 
quartz crystals. The shape of quartz crystals are mainly euhedral and subhedral due to the interaction with organic matter. Subhedral 
quartz crystals commonly infill cell cavities, while aggregates of fine euhedral quartz crystals infill small fissures and veinlets. Based on 
XRD analysis of all silicified coal samples are dominated by quartz mineral. Based on ICP-AES of silicified coal dominantly contain 
SiO2 of 65 -75 %. The quartz is formed by leaching of silica from the tuff contained lithology. 
Keywords: Silicified coal, Muara Enim Formation, South Sumatera.       1 
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1. INTRODUCTION 
Coal which contain a lot of siliceous mineral is well known in 
some coal deposit in Indonesia Sumatra Basin is the Muara Enim 
Formation, which were deposited in the Late Miocene - Early 
Pliocene. This silicified coal sometimes can interfere mining 
activity. This study was conducted in South Sumatra basin which 
is part of the three basin behind the arc (back-arc basin) on the 
island of Sumatra. The research area is located in Tanjung Enim 
which is included in the Palembang Sub-basin in the southeast of 
South Sumatra Basin (Pulunggono, 1986). Coal bearing 
formation coal in the South Sumatra Basin is the Muara Enim 
Formation. Muara Enim Formation consists of mudstone and 
siltstone with several layers of sandstone and coal. The thickness 
of this formation ranges from 450-750 m (Darman and Sidi, 
2000). Some silicified coal layers are found within the coal seams 
in this formation. This study is intended to know the composition 
of mineral within the silicified coal as well as the possible genesis 
of it.
2. Geological Background 
Coal bearing formation carrier in the South. Muara Enim 
Formation consists of mudstone and siltstone with several layers 
of sandstone and coal. The thickness of this formation ranges 
from 450-750 m (Darman and Sidi, 2000). 
Muara Enim Formation is divided into two groups (Shell 
Mijnbouw, 1976), which are lower MPa (Middle Palembang 'a') 
and the upper MPB (Middle Palembang 'b'). Both groups were 
then subdivided into M1 - M4. There are eight coal seams MPa 
and MPB which are estimated to have a net thickness of about 
140 m. Some coal seams are thin and not continuous, but also 
found a thick and continuous. Economically, the most common 
seams to be mined are those in the top of MPa (Mangus, Suban 
and Petai). 
3. Sample and Method 
 Research was conducted in the field at western part of 
Bangko field. Silicified coal samples were taken from the top of 
the coal seam especially the A2 seam. Coal sample preparation 
was done by mashing silicified coal and separated by grain size 
and for analysis purposes. Silicified coal sample was separated 
for thin section and for the analysis of ICP-AES and XRD. For thin 
section can use blocks of silicified coal samples with fresh 
condition. For ICP-AES analysis and XRD, samples of silicified 
coal must be crushed. XRD analysis based mainly on residues 
isolated by low-temperature oxygen plasma (Ward, 2001). For 
XRD analysis, the samples separated to a size larger than 0,1μm 
and smaller than 40 μm. Analysis is limited to the analysis of 
macro bulk. ICP-AES (Inductively Coupled Plasma - Atomic 
Emission Spectrometry) was using samples of silicified coal 
which is pulverized to sizes of 0.5 mm - 2 mm.  
 
Figure 2. 1 South Sumatra Basin Stratigraphy (Darman and Sidi, 2000) 
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4. Result 
4.1 Field work  
Between A1 and A2 seam, the lithologies are composed of 
tuffaceous sandstone, tuff. The research is devoted to the 
three layers of silicified coal. Macroscopically, silicified coal 
is dark gray, hard, lenticular, and some has veins of quartz. 
The color which is gray -black in contrast to black coal and 
coal made them very easily be distinguished 
macroscopically. Coal is easily broken and have a 
characteristic of dull banded coal. While silicified coal is very 
difficult to be broken. 
 
Figure 4. 1 Silicified coal layer of A2 seam at Bangko field 
 
4.2 Petrographic analysis 
In general from thin section observation, the silicified coal 
composed by 75% quartz and 25% is organic matter. Quartz 
crystals are very variable in form and size, varying with from 
sub-angular until rounded. The shape of quartz crystals are 
euhedral and subhedral mainly due to the interaction with 
organic matter. Subhedral quartz crystals commonly infill 
cell cavities, while aggregates of fine euhedral quartz 
crystals infill small fissures and veinlets. Euhedral quartz 
can be seen with the grain size of 1 - 3 mm (Fig. 4.2a) or 
with a grain size of less than 1 mm (Fig. 4.2c). Fine 
euhedral quartz crystals infill small fissures and veinlets 
(Fig. 4.2b). In some samples, subhedral quartz crystals (Fig 
4.2c) have a size of less than 0.5 mm. 
4.3 XRD Analysis 
The results of XRD analysis on silicified coal show the 
peaks of 20 degrees and d-sparing value that 
characterizes the quartz mineral (Chen, 1977). Uniform 
pattern is shown by all samples of silicified coal (Fig 4.3a, 
b, c). This indicates that the sample is dominated by 
mineral quartz and very little possibility collated by other 
minerals. 
4.4 ICP - AES Analysis 
From ICP – AES, silicified coal composed dominantly by 
SiO2 (Table 4.1). It confirmed the petrographical 
examination that showing the dominance of quartz 
between 65 -75 %. 
Table 4.1 ICP-AES analysis of samples BAII20042.4, BAII20042.5 
and BAII2004.6 
Sample Description SiO2 (%) 
BAII20042.4 66.5 
BAII20042.5B 72.1 
BAII20042.6 72.1 
 
 
 
 
 
 
 
Figure 4.2 (a) thin section of samples BAII20042.4 (b) BAII20042.5B 
and 
(c) BAII2004.6
(a) 
(b) 
(c) 
 259 
ISBN 979-587-621-1 
 
 
 
Figure 4.3 (a) XRD results of samples BAII20042.4 (b) BAII20042.5B (c) BAII2004.6 
 
 
 
5. Discussion 
The stratigraphy of West Bangko (Fig. 6.1) indicates that 
between A1 and A2 seam silicified coal is found.  Based on 
petrography, XRD, and ICP –AES, it is known that silicified 
coal compiled by 65 – 75% of quartz. The shape of quartz 
crystals in are euhedral and subhedral mainly due to the 
interaction with organic matter. Petrographically, quartz 
crystals commonly infill cell cavities, while aggregates of fine 
euhedral quartz crystals infill small fissures and veinlets. Two 
forms of silica are found detrital silica which is fine-grained 
quartz grains, and diagenetic silica that formed as a result of 
recrystallisation of saturated silica solution during the early 
diagentic coalification stage or even peat development stage 
(Pujobroto,1997). 
The first stage silicification of coal could be from solution of 
silica. The solution of silica from tuffaceous strata and 
precipitation at the top of the coal seam was probably the 
cause of the silification (Amijaya and Littke, 2005). It is a 
subsequent recystallisation from silica-saturated solutions as 
they pass through the coalifying plant tissue 
(Pujobroto,1997).  Ward (2002) mentioned that silica can be 
derived from leaching of bedrock or siliceous phytoliths. 
However in this study, this may not the case. 
A tuff layer was also deposited above the Suban marker and 
represent an ash fall deposit (Pujobroto,1997). This tuff layer as well 
as the tuffaceous sandstone are the main source of silica. XRD and 
ICP–AES analysis indicate the occurrence of pure quartz mineral 
which is found in this silicified coal. It is very likely that both 
lithologies are the only source of the silica.  
 Figure 5. 1 Stratigraphy of West Bangko area showing A1 to C seam. 
Detail indicates the occurrence of silicified coal 
(a) (b) 
(c) 
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6. Conclusion 
Silicified coal is dark gray, hard, lenticular in appearance and 
some has vein of quartz. They are mostly composed of fine 
until coarse quartz crystals. This is confirmed by XRD 
analysis that shows the solely appearance of quartz. Based 
on ICP-AES, of silicified coal contain dominant SiO2. Silicified 
coal is probably derived from solution of silica that pass 
through the coalified plant tissue. 
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Abstract: The aim of this paper is to explore the benefit of new coal logistic infrastructure in Central Kalimantan to make many coal 
mines be more feasible on the current global coal price index. Since there are more than 1 billion ton of coal resources in Central 
Kalimantan become unfeasible due to the expensive of logistic cost and the operational obstacles of Barito River. A new integrated 
coal logistic infrastructure (ICLI) should be developed to unlock so many unfeasible coal mines. The purpose of this study is  define the 
suitable ICLI type, minimum throughput for making investment return and to explore the financial feasibility of this new coal logistic 
infrastructure for investor. The method of this study is using capital budgeting theory that will calculate NPV calculation with discounted 
factor using WACC, IRR project, and payback period of the investment. The result of this study proves that investment in new ICLI in 
Central Kalimantan would bring benefit to the investor. 
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1. Introduction 
Central Kalimantan is well known for its huge coal resource. 
There are many big coal companies in Central Kalimantan such 
as BHP Billiton (already acquired by PT. Adaro Energy), Asmin 
Koalindo Tuhup, Asmin Bara Bronang, Marunda Graha Mineral, 
Suprabari, etc. The estimated coal resource in Central 
Kalimantan is more than 500 million tones. Having observed on 
the coal distribution, majority coal resources in Central 
Kalimantan are located on the surrounding area of the upstream 
Barito River and it means more than 300 km of sailing distance 
through Barito River to get the open sea. 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig.1. Coal Resources in Central Kalimantan 
However, it was not easy to bring Central Kalimantan Coal out 
to the open sea. The classic challenge for Central Kalimantan 
Coal Mines is Barito River water level tidal,  
whereas for the long time period until today, many coal mining 
companies in Central Kalimantan are still very dependent on 
Barito River in regards to coal logistic transportation. In the 2015, 
the sailing days between upstream area of Barito River to the 
downstream area is only around 250 days which only had more 
than 5.5 meter of the water level (depth from the water level to 
the bed river).  
To face Barito River challenge, several coal mining 
companies had the same strategy to move out their coal into 
open sea. Especially in Murung Raya Regency, Central 
Kalimantan, many coal mines over there had 2 existing coal 
logistic scenarios as their strategy of as shown in the figure 2 and 
3 below (adapted from Jope, 2011). The ideal of coal logistic in 
Central Kalimantan basically as shown in figure 3, since it does 
not need double handling activities and the coal product can 
directly barged using big vessel capacity (capacity 7500 ton) to 
open sea. Yet, the application of scenario 3 was very dependent 
of Barito River water level on the upstream area. At the time of 
dry season, they are only able to do scenario 2 in which they 
bring coal from upstream to intermediate stockpile by using small 
barge vessel. Yet in the event that there is no water in upstream 
area of Barito River then they cannot do sailing at all. 
 
 
 
 
Fig.2. Logistic Scenario 1: Coal Logistic Using Intermediate Port and 
Stockpile 
 
 
 
 
 
Fig.3. Logistic Scenario 2: Coal Logistic Direct Barging to Open Sea
This logistic condition has brought material and immaterial 
impact to almost all Central Kalimantan coal mining companies’ 
business. Since coal product cannot barged all year long then 
there will be additional inventory cost, marketing opportunity loss, 
coal losses, sailing traffic crowded on the barging season, and 
also the additional opportunity of demurrage cost in which those 
all together affecting companies’ financial profitability. It becomes 
worse because of the downturn of global coal index since 2012, 
which led them to have more little in profit margin and more over 
enforce them to do more cost efficiency than before in order to 
sustain their business. Based on some private coal mining 
companies report received by writer, many coal mines in Central 
Kalimantan would be no longer feasible if the current business 
condition is still going ahead. 
New Integrated Coal Logistic Infrastructure (ICLI) can be the 
problem solution for many coal mines in Central Kalimantan to 
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face coal business condition currently and also for the future. ICLI 
would connecting many coal mines area particularly in Murung 
Raya Regency (Central Kalimantan) to selected downstream area 
in Barito River (port) in which the water level tidal is already able 
for all year long sailing at least using barge 300 ft which has 
capacity 7500 ton of coal and require 5.2 m of river draught 
(Jope, 2011) before coal is barged to open sea anchorage. ICLI 
will consist of some transportation mode such as truck and 
conveyor. Total length of ICLI would be around 116.2 km that 
consist of road and conveyor. Based on several study report on 
2011 privately shared to writer regarding Barito River water level 
tidal, it was concluded that the lowest area of Barito River that 
has stable water level tidal is in the Buntok. Below Buntok is 
basically very good also since it is not seasonal water level tidal 
type yet the surrounding of those areas is swamp and also 
protected forest thus construction new infrastructure on that area 
is forbidden. 
The estimation of investment for developing that ICLI which 
consist of road, conveyor, and port is around US$ 135 million. 
Regardless of technical and legal aspect of developing ICLI, the 
investor shall conduct feasibility study whether investing in the 
ICLI project would bring a good return or not by considering 
several parameters which including coal throughput plan and fee 
that would be charged to coal mines companies who use ICLI as 
the return generator of ICLI’s investment.  
2. Methodology 
A. Financial Feasibility Analysis 
The objective of the financial feasibility study is to get the Net 
Present Value (NPV), Internal Rate of Return (IRR), and payback 
period number as the result of the investment on ICLI as well as 
the number of fee that would be requested by ICLI’s investor for 
any coal company user that utilize ICLI. The analysis calculation 
method is using capital budget theory (Brigham and Ehrdhardt, 
2010). The input parameters of this analysis calculation are: total 
investment number; project lifetime; maintenance cost of road, 
conveyor and port; operational cost; overhead cost; cost of 
capital; number of coal throughput each year; and gross profit 
margin that aim by ICLI investor. 
The aim of this paper is to define the ideal fee number thus 
ICLI’s investor can good return and on the other side many coal 
mines can receive the benefit of it (logistic cost reduction). 
Accordingly, variable parameters that would be iterated in this 
research is gross profit margin of ICLI’s investment analysis and 
the other parameters mentioned above would be treated as fix 
parameters. The simplified scheme of fee calculation is as seen 
in fig. 4 below. 
 
Fig.4. ICLI Fee Calculation Scheme 
 
B. Financial Study Parameters 
The investment cost and maintenance cost of ICLI will consist 
of three main types that are road, conveyor, and port 
development. All the development costs are including some other 
related costs such as land compensation and construction 
overhead. The investment cost will use combined references of 
several study result report from some consultants delivered 
privately to writer. 
Lifetime of ICLI project would be linked to the majority mining 
permit of coal concessions in Central Kalimantan. Mainly coal 
concessions in Central Kalimantan hold mining licenses and 
several concessions hold CCoW (Coal Contract of Work). Many 
of them have mining permit duration for at least 20 years from 
now. 
Coal throughput plan that will use ICLI is targeted on 
maximal 15 million tons per year and this throughput number will 
increase since the first year of ICLI operation. The approach 
method of this number is based on the references for production 
forecast of several coal concessions surrounding ICLI. In this 
paper, regardless the coal concession parties, the number of coal 
throughput is set by conservative forecast resulted by survey 
method to several coal concessions around ICLI. 
C. Technical Parameters 
In designing and constructing ICLI, the specification and 
parameter of design are set using mining regulation standard in 
Indonesia. While the additional detail specification parameters is 
referring to Komatsu Handbook 28th edition. Furthermore, the 
logistic scheme of using ICLI is more or less similar with fig.2 on 
this paper. However the differences are that using ICLI, coal flow 
will continuously all year long without necessarily considering 
Barito River water level tidal. 
 
 
 
 
 
 
Fig.5. ICLI Schematic 
 
3. Analysis and Result 
A. Technical and Financial Analysis of ICLI 
ICLI alignment is planned by using topography and 
morphology data surround Central Kalimantan from Dinas Lalu 
Lintas dan Angkutan Jalan Raya in Central Kalimantan. By 
avoiding hilly area, swampy area, peat moratorium area, and 
forestry area, then ICLI alignment is plotted. To come up with the 
restriction area, writer uses Peta Indikatif Penundaan Pemberian 
Izin Baru Pemanfaatan Hutan, Penggunaan Hutan dan 
Perubahan Peruntukan Kawasan Hutan Dan Areal Lain no. SK. 
2312/Menhut-VII/IPSDH/2015 as the reference, so that the ICLI 
alignment does not have legal issue in terms of overlay area. 
Technical specification requirements to meet ICLI plan are as 
follow: 
1. Road Parameters 
x Total length 98 km 
x Road pavement by gravel 
x Coal hauling truck specification = single trailer payload 85 ton 
x Max. road grade 6% 
x Road width at straight 11 m 
x Road width at bend 17 m 
2. Conveyor Parameters 
x Total length 18.2 km 
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x Capacity2000 tph 
3. Port Parameters 
x Barge loader capacity 2x2000 Tph 
x Peak capacity per year 16,976,880 ton 
x At least 4 coal ROM stock 
Based on the design standard mentioned above and terrain 
condition along the ICLI alignment, the cost estimation of the ICLI 
would referring to several typical study results already conducted 
previously by some private companies. Road cost and design for 
ICLI will referring to study result of a private company study in 
which previously they conduct detail due diligence and made 
detail engineering design for another road alignment (road length 
200 km) on Central Kalimantan in 2015. 
While the estimated cost for port construction, using private 
coal company data who also construct typical coal port in Central 
Kalimantan in year 2011, thus the investment estimation is $ 
18,600,000. In regards to calculate the revenue of ICLI, the 
financial feeds required are fee and coal throughput. Fee is a 
variable that depends on the profit margin that required. 
Therefore coal throughput takes important role to make the 
investment return. For this paper, coal throughput will use several 
coal companies in Murung Raya Regency as follow: 
x Year 1   : 2,000,000 ton 
x Year 2   : 4,500,000 ton 
x Year 3   : 8,500,000 ton 
x Year 4   : 10,000,000 ton 
x Year 5   : 11,500,000 ton 
x Year 6 – 24 : 14,500,000 ton 
On the other hand, the financial parameters that used on the 
financial model calculation are: 
1. Maintenance cost of ICLI, using typical coal logistic 
infrastructure maintenance on 2015 conducted by private coal 
mining company data 
x Road maintenance   : $ 1.322/ton 
x Conveyor operating & maintenance : $ 0.287/ton 
x Port operating & maintenance  : $ 1,310/ton 
2. Coal hauling cost will be borne to ICLI’s users (inc. providing 
the coal hauling truck) 
3. Overhead : 1.5% of revenue 
4. Discount factor sensitivity 10%, 12%, and 15% 
5. In this paper, Modified Internal Rate of Return (MIRR) is not 
defined because the assumption propose of this project is to 
return back any profit of this project to shareholder without 
assuming to be re-invest. 
6. Account Receivable (AR) and Account Payable are 30 days 
7. ICLI construction period is 3 years with investment distribution 
each year are 40%, 30%, and 30%. 
8. There is no inflation parameters take into this calculation, thus 
all fee and cost parameters is assumed remain the same until 
the end of project period. 
9. Debt : Equity portion = 70% : 30% 
10.  Project funding interest = 2.6% 
B. ICLI Financial Analysis Result 
By putting all key parameters of analysis above, we could get 
sensitivity result of ICLI financial feasibility as seen in Table 2 
below. Based on capital budget theory, some financial evaluation 
that would be produced are NPV, IRR, and payback period of the 
project. Those financial evaluations are calculated on the free 
cash flow level or the adjusted profit after tax financial level. The 
cash flow itself  is a normal cash flow where the minus cash flow 
happen in the first third year and the rest would be positive cash 
flow because there are no longer investment activity. 
Description Fee A Fee B Fee C 
Description Fee A Fee B Fee C 
Total Coal Hauled (ton) 311,230,000 311,230,000 311,230,000 
Total Coal Hauled (ton) 311,230,000 311,230,000 311,230,000 
Average Coal Sales (ton) 12,967,917 12,967,917 12,967,917 
Average Coal Sales (ton) 12,967,917 12,967,917 12,967,917 
Average Total Fee ($/ton) $4.86 $5.21 $5.61 
Average Total Fee ($/ton) $4.86 $5.21 $5.61 
Road Fee $2.44 $2.61 $2.81 
Road Fee * $2.44 $2.61 $2.81 
Port Fee $2.00 $2.14 $2.31 
Port Fee $2.00 $2.14 $2.31 
Average Cost per ton $3.65 $3.65 $3.65 
Average Cost per ton $3.65 $3.65 $3.65 
Average GP per ton $1.22 $1.56 $1.96 
Average GP per ton $1.22 $1.56 $1.96 
Description Fee A Fee B Fee C 
Description Fee A Fee B Fee C 
Capex - New 135,250,657 135,250,657 135,250,657 
Capex - New 135,250,657 135,250,657 135,250,657 
Total Capex 135,250,657 135,250,657 135,250,657 
Total Capex 135,250,657 135,250,657 135,250,657 
IRR 10.7% 13.1% 15.6% 
IRR 10.7% 13.1% 15.6% 
Payback Period 10 years 8 years 7 years 
Payback Period 10 years 8 years 7 years 
GPM 25.0% 30.0% 35.0% 
GPM 25.0% 30.0% 35.0% 
NPM 17.7% 21.8% 25.9% 
NPM 
10% 
17.7% 21.8% 25.9% 
NPV (100%) 7,746,202 33,981,776 64,255,200 
NPV (100%) 10% 7,746,202 33,981,776 64,255,200 
 12% (11,482,477) 10,584,336 36,042,812 
 12% (11,482,477) 10,584,336 36,042,812 
 15% (32,265,450) (14,828,726) 5,281,009 
 15% (32,265,450) (14,828,726) 5,281,009 
Note : conveyor fee is already include in road fee 4.76 5.12Total Fee 4.44 
Total Fee 4.44 4.76 5.12
Road Fee 2.44 2.61 2.81 
Port Fee  Ta ble. 2. F ina nci al A naly sis2.0 0  Resul t2.14 of IC LI2.31  
Road Fee 2.44 2.61 2. 81 
Port Fee 2.00 2.14 2.31 
 
Table.2. Financial Analysis Result of ICLI 
Total coal hauled is the cumulative number of coal that will use 
ICLI until 2024, while the average coal sales means average coal 
throughput per year. In this financial analysis, production method 
of depreciation will applied rather than other depreciation method 
thus the depreciation cost on each year will be linked into number 
of coal throughput. Calculation method of fee is as described on 
the figure 4 above, where all related cost of ICLI is added by 
three margin scenarios.  
Based on the result, basically in all fee scenarios ICLI project 
could be attractive for its investor since the lowest IRR is still 
higher than the lowest discounted factor (cost of capital) required 
in this financial feasibility (10.7% > 10%). Since it is IRR, thus it 
assumed that all profit in each operating year is returned back to 
investor and not to be re-invested in this project. In current coal 
mining business condition, using debt : equity ratio for 70% : 30% 
will bring weighted cost of capital around 9%, and it means the 
discounted factor used in the ICLI financial analysis is very 
conservative. However, if the investor wants to be more secure 
for investing in ICLI project, thus fee C shall be the best choice of 
the investor because the NPV are still positive at any level 
scenario of discounted factor. 
C. Logistic Cost Benefit for ICLI User 
ICLI objective is to support coal mining company in Central 
Kalimantan to be more feasible in this current coal business 
condition. Main benefit of ICLI for many targeted ICLI coal mines 
are: 
x Coal hauling cost reduction (by using ICLI , coal hauling truck 
size will larger than currently used) 
x Barging cost and port cost reduction (by using ICLI any coal 
mines do not need double port thus cost of port would be 
cheaper, barging cost is also cheaper because after ICLI then 
coal is barge directly to open sea using at least barge vessel 
300 ft (7500 ton) for ± 300 km) 
x Potential demurrage cost reduction 
x Including but not limited to create more trust from coal buyers 
in terms of coal supply reliability (immaterial benefit) 
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4. Conclusion and Recommendation  
Coal logistic condition in Central Kalimantan facing challenge 
since Barito River water level tidal is very subject to rainfall which 
leads seasonal sailing days of coal mining companies there. ICLI 
is the best strategic option to unlock huge coal resources in 
Central Kalimantan. The advantages of ICLI would received by 
ICLI’s investor and also many coal mining companies around 
ICLI. Based on the financial feasibility analysis, even though 
investment requirement of ICLI is quite high, yet the return of this 
ICLI is very attractive and promising. 
On the other hand, on the other research, writer also conducts 
financial analysis of many potential coal mining users of ICLI. 
Besides ICLI could support them in regards of coal logistic 
sustainability, ICLI also contribute in logistic cost savings of them. 
Those would be important to many coal companies there to face 
current coal business condition such as tight coal competition 
which lead to the requirements of coal supply reliability and also 
coal selling cost leadership. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Further study should be conducted especially to figure out 
how far the financial benefit of using ICLI could be received by 
the coal concession users. On the other hand, another study also 
important to be focused on the other feasibility factor of ICLI such 
as legal permits and also details engineering design of ICLI. 
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Redesign Mining Sequence on Basin Type Coal Deposit to Optimize 
Stripping of Overburden Cost 
M. Taufik Toha   
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Abstract: Coal deposits is in the form of a basin that extends from West to East. The middle part of the basin is the Eastern mine 
boundary. While the North to South distribution of the coal basin these are wholly within the mine area. Mining sequence performed by 
the company, starting from the West towards the East (to pit limit). In mining operations, a problem on cost of stripping of overburden 
arises because the distance to the disposal getting farer (average distance of 1,200 meters). Meanwhile, to make backfilling, with such 
coal basins conditions can not be done on consideration of the stability of the slope (unfavorable slope). 
To overcome the stripping of overburden costs, researchers have done redesigning blocks and mining sequence that can be done 
backfilling early and safely. With backfilling system overburden hauling distances closer (average of 600 meters) thus overburden 
stripping costs become cheaper. The proposed mining sequence was set up 3 mining front.  
Thus within two months, post mining area will be available for backfilling with consideration of the slope stability safe because it is 
located in a favorable slope. Design mining sequence strongly influenced by the shape, position and spread of coal deposit. Less 
precise sequence will reduce the efficiency of mining costs. With the redesign of the mining sequence can save costs amounting to 
54.9 billion rupiah for the remaining reserves.  
Keywords: Coal Exploitation, Mining Sequence, Backfilling, Overburden Stripping Cost 
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1. INTRODUCTION 
A. Background 
Coal mining method at PT. Batubara Lahat Indonesia is open 
pit mining with a system shovel-dump truck. Coal deposit spread 
in a basin form (from Western to the Eastern with 9q - 15q dip and 
from Northern to Southern with 25q - 30q dip). 
Existing mining block sequences design from West to East-
North and East-South [1]. By this sequence, overburden should 
be dumped in out site dump, that caused the stripping of 
overburden cost become higher. Early existing design based on 
full exploration data that are available in the Western part and had 
been aquisitioned. While Eastern boundary has not been 
aquisitioned. Constrained by the cost, land acquisition is applied 
in stages and detailed exploration is still being conducted. 
To overcome the existing condition where mining costs are 
growing as a result of stockpiling overburden hauling distances 
the farther reaches an average of 1,200 meters and land 
acquisition costs are increasingly expensive, it is necessary to re-
design the mining sequence block. 
Total coal reserves of 7,872,732 tons and has been mined for 
5 years amounted to 4,050,000 tons. The amount of coal to be 
mined is amounted to 3,822,732.96 tons of 27,456,813.33 bcm 
overburden, or stripping ratio of 7.18 (bcm/ton) [2]. Planned target 
of coal mining amounted to 1,000,000 tons/ year and 7,180,000 
bcm overburden/ year. 
B. Geology Condition 
South Sumatra Basin is located on Back Arc Basin , which 
produces coal deposits with the spread wide enough and thick, 
which is formed in the Tertiary Period. The research area is 
divided into 3 (three) units of morphology, namely the alluvial 
plains (10%), bumpy terrain (10%) and the undulating hills (80%). 
Rock formations at the site are Gumai Formation, Formation 
Air Benakat, Muaraenim Formations, Units Early Volcanic Rocks 
and Sediment Alluvium (Fig 1). Rock stratigraphy at Lahat is 
relatively the same as the rock stratigraphy of Muara Enim 
because the coal deposits in Lahat regency is the same formation 
with the Muara Enim regency. 
While the coal deposits in the research area are in the 
Formation Muaraenim, where the rock formation is a formation of 
coal carrier in the region of South Sumatra. Lithologies of 
Muaraenim formations formed by claystone, sandstone, silt stone, 
and coal.  
Coal deposit contition at the mining location is in the form of 
basin spread from Western to the Eastern with 9q - 15q dip and 
from Northern to Southern with 25q - 30q dip (Fig 2). 
Geotechnical data of overburden [4] at coal mining 
PT. Batubara Lahat has average cohesion 55.33 kPa, friction 
angle 20.75q and density 20.53 kN/m3 (Table I) 
TABEL I. OVERBURDEN GEOTECHNICAL DATA 
 
No Sample Code Friction (),q Cohesion(C), (kPa) 
Density 
(kN/m3) 
1 BLG1 20,96 54,84 19,75 
2 BLG2 21,42 55,66 20,49 
3 BLG3 19,55 54,75 21,4 
4 BLG4 20,14 55,33 20,86 
5 BLG5 21,69 56,07 20,17 
Rata-rata 20,75 55,33 20,53 
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Fig. 1. Stratigraphic of Muara Enim 
  
West  - East 
 
North - South 
    Fig. 2. Coal Seam Cross Section 
 
C. Mining Operation 
Coal mining method at PT. Batubara Lahat is open pit mining 
using excavator Kobelko SK 480 with bucket capacity 2.55 m3 
and coal dump truck is Hino FM 260 capacity 17.85 m3 and 
overburden dump truck is Hino FM 320 capacity 8.65 m3. 
Existing mining blocks sequence from West-East up to pit limit 
in the middle, then folowing the coal distribution to East-North and 
East-South untill the mining boundary (Fig. 3). 
Coal production target of PT. Batubara Lahat is 1.000.000 
ton/annual with planned stripping ratio 4,4 : 1, but in fact, mining 
from first year to fifth year do not pay attention to the stripping 
ratio and prioritize to production target. Stripping ratio for 1st year 
to 5th year is about 1.5 : 1 to 2 : 1, consequently the stripping 
ratio for 6th year and after become 7.18 : 1 (Table II). 
 
TABLE II. COAL AND OVERBURDEN PRODUCTION TARGET 
NO YEAR PLAN REALIZATIONCOAL OB COAL OB 
1 2008 450,000 1,980,000 450,000 600,000 
2 2009 600,000 2,640,000 600,000 900,000 
3 2010 1,000,000 4,400,000 1,000,000 1,692,805 
4 2011 1,000,000 4,400,000 1,000,000 2,000,000 
5 2012 1,000,000 4,400,000 1,000,000 2,000,000 
6 2013 1,000,000 4,400,000 1,000,000 7,180,000 
7 2014 1,000,000 4,400,000 1,000,000 7,180,000 
8 2015 1,000,000 4,400,000 1,000,000 7,180,000 
9 2016 822,732 3,620,021 822,732 5,907,216 
 TOTAL 7,872,732 34,640,021 7,872,732 34,640,021 
 
Overburden hauling distances from the front to the dumping 
site (outsite dump) range of 1200 meters, with excavator 
production amounted to 324.45 bcm/ hour and dump truck 
production amounted to 36.46 bcm/ hour. While the coal hauling 
distance from front to mine mouth stockpile ranges from 800 
meters with excavator production amounted to 353.07 tons / hour 
and dump truck production amounted to 59.71 tons / hour [8] [9] 
[10] [11]. 
The company currently experiencing problems finding the 
location for outsite dump that near to mining front, generally it is 
more distant and a relatively more expensive. For a hauling 
distance of 1200 meters, overburden stripping costs at Rp 
24,000/ bcm. 
To overcome the cost of stripping overburden, redesign the 
block mining (sequence) should be done immediately by divided 
into three mining fronts, Front I East-North towards the West, 
Front II East-South towards the West and Front III of the direction 
West-North towards the West-South (Fig . 4). 
 
Fig.3. Existing Mining Sequences 
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Fig.4. Redesign of Mining and Backfilling Sequences  
D. Slope Stability 
Mining slope stability calculations [5][6][7] performed using 
software Slope / W version 5:20 of Geo-Slope International. 
Dimensions of final slope analyzed are single slope 15-meter high 
with a single slope 60º. Especially for top level (topsoil) planned 
single slope is 45º. Results of calculations show safety factor of 
1.449 (Fig.5). 
 
Fig.5. Slope Stability Analysis 
2. RESEARCH METHOD 
The research method in this research is the primary data 
collection by field observation include the observations of the 
mining block sequences, cycle time of excavators and dump 
trucks to estimate coal production ton/ hour and overburden bcm/ 
hour and also slope of stability [4], [5], [6], [7], [8]. [9], [10], [11] 
and collecting secondary data [1], [2] include coal reserves, the 
amount of overburden, stripping ratio, mine planning (mining 
sequences, target production of coal and overburden stripping), 
the mining/transportation cost of coal and overburden and base 
maps (mine layout, cross section). Primary data and secondary 
data were processed with statistical methods [3] and use the 
software Slope / W version 5:20 and analyzed. 
Redesign Mining block sequences [12], which is planning 
mining blocks and annual overburden backfilling system until the 
end of the mine, as well as the division of mining front and mining 
direction. 
Furthermore, estimates the cost [9] of overburden stripping for
existing conditions and redisigned mine include mining sequence, 
dumping systems, equipment used existing condition. 
3. RESULT AND DISCUSSION 
A. Existing Mining Block Sequences 
Mining blocks start from the West side to the East up to the 
planned pit limit. Further moves towards the North East and have 
reached the boundary the mining area, but there are blocks that 
have not been mined to the pit limit. Likewise, on the West side, 
there are some blocks that have not yet reached the pit limit. 
Whereas towards the South-Eastern has not been mined at all. 
Mining sequence and dumping by prioritizing mining West side 
until it reaches the Western pit limit (Fig 3). Furthermore, mining 
forwarded by moving from the center towards the North East side. 
Thus the backfilling can be done for a part of the pit limit in the 
Western area. Approximate time to reach the pit limit on the West 
side is about one year, and during that time outsite dump should 
be done. 
The weakness of company planned mining sequence in 
addition to the length of time to be able to start backfilling, and 
backfilling slope stability is also a problem, due to dumping of the 
unfavorable slope [5] [6] (bedrock have a same dip direction to 
that of the dump). 
B. Redesign of Mining Sequences 
The proposed Redesign of mining blok sequences in this 
research is by changing the direction of mining block sequences 
from West to East become East to West, aimed to accelerate the 
implementation of the backfilling, and at the same time improve 
the efficiency of mining operations.  Front mining will be divided 
by 3 is the Front I on the side of the East-North on the Eastern 
border of the mining area (boundary), Front II-South East side of 
the Eastern border of the mining area (boundary) and a third front 
in the West (Fig.4). Basic considerations apply 3 mining front is to 
avoid the accumulation of equipment (crowded) as a result of a 
relatively narrow location. 
C. Stripping of Overburden Cost 
• Cost without redesign 
Mining target is 1,000,000 ton annually and overburden 
7,180,000 bcm, thus cost of stripping overburden and dumping to 
the outsite dump is up to 172.32 billion Rupiah (exclude cost of 
land aquisition). Cost of stripping of overburden is Rp 24,000/ 
bcm (average hauling distance is about 1,200 meters). Thus 
overburden to be dump by backfilling is 27,456,814 bcm – 
7,180,000 bcm = 20,276,814 bcm. With stripping of overburden 
cost is up to Rp 14,500/ bcm (average hauling distance is about 
600 meters), so the cost of stripping of overburden by backfilling 
is 294 billion Rupiah. The total cost of stripping of overburden  is 
172.32 billion Rupiah + 294 billion Rupiah = 466.32 billion Rupiah. 
• Cost with Redesign 
For redesign mining block, mining activity is done 
simultaneously in three fronts, and overburden dumping at first 
done by the mean by outsite dump (distance 1200 meter) for 2 
months (200,000 ton of coal and 1,400,000 bcm of overburden) 
with the cost of 1,400,000 bcm x Rp 24,000/ bcm = 33.6 billion 
Rupiah. For the third month and after, backfilling can be applied 
with the average distance 600 meters, the backfilling cost is 
(27,456,814 bcm – 1,400,000 bcm) x Rp 14,500 / bcm = 377.82 
billion Rupiah. Total stripping cost 33.6 billion Rupiah + 377.82  
billion Rupiah = 411.42 billion Rupiah. 
• The advantage with redesign 
Current number of overburden stripping condition is greater 
due to undisciplined mines to the planned, the planned stripping 
ratio of 4.4: 1 increased to 7.18: 1 and the distance to outsite 
dump the farther it will have an impact on the increase in the cost 
of stripping. To overcome these problems need to be redesigned 
sequence mining blocks. 
With the redesign mining blocks sequence will give the 
advantage of stripping costs amounted to 466.32 billion rupiah 
(exclude the cost of land acquisition for outsite dump), whereas 
with redesigning amounted to 411.42 billion rupiah. Thus there is 
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a saving of 466.32 billion Rupiah - 411.42  billion Rupiah = 54.9 
billion Rupiah. 
4. CONCLUSION AND RECOMMENDATION 
A. Conclusion 
In planning the optimal coal mining blocks sequence have to 
consider the shape, position, and the spread of the coal deposit. 
In principle overburden is dumped at dump outsite that  relatively 
close to the mining front, or backfilling carried out as soon as 
possible.  
The case study on coal mine PT. Batubara Lahat with coal 
deposits in the form of basin shape in which the application 
mining blocks sequence that are less precise (from West to East), 
resulting in difficulties for immediate backfilling due to the angle of 
the slope has a same direction to that of bedrock (unfavorable 
slope). By redesigning mining blocks sequence (from East to 
West), cost can save as much as 54.9 billion Rupiah (exclude the 
cost of land acquisition for outsite dump). 
B. Recommendation 
To optimize production costs of mining, it is advisable to do a 
redesign mining blocks sequence with three fronts, namely the 
Front I East-North towards the West, Front II East-South towards 
West and Front III West-North  to West-South direction. 
ACKNOWLEDGMENTS: 
On this occasion, we would like to express our gratitude to the 
Management and Employee of the PT. Batubara Lahat for the 
opportunity to conduct field research and supporting data. 
REFERENCES  
[1] Studi Kelayakan Tambang Batubara PT. Batubara Lahat 
Kecamatan Merapi Kabupaten Lahat Provinsi Sumatera 
Selatan, 2007 
[2] Due Diligence Studi Kelayakan Penambangan Batubara PT. 
Batubara Lahat, Konsultan Pertambangan dan Lingkungan 
PT. Bumi Lestari Putra, 2011 
[3] Sudjana (2005), “Metode Statistika”. Tarsito  
[4] Bowles Joseph, M.E, Sifat-sifat Fisik dan Geoteknis Tanah, 
Erlangga, Jakarta, 1981. 
[5] Hooke E., and Bray J. W., 1981., Rock Slope Engineering, 
third edition, the Institution of Mining ang Metalurgycal, 
London 
[6] Taufik Toha, dkk Kajian Kemantapan Lereng untuk 
Optimalisasi Disain Lahan Timbunan Mahayung, Jurusan 
Teknik Pertambangan Universitas Sriwijaya 2007. 
[7] Wesley, SD., 1977., Mekanika Tanah, cetakan keenam, 
Badan Penerbit Pekerjaan Umum, Jakarta. 
[8] Choudhary, R.P. 2015. Optimization Of Load-Haul-Dump 
Mining System By OEE and Match Factor For Surface 
Mining. International journal of Applied Engineering and 
Technology 14(1): 4-6. 
[9] Assakkaf, I. 2003. Construction Planning, Equipment, and 
Methods. University Maryland. Maryland. 
[10] Holt, G.D. 2014. Analysis of Interrelationships Among 
Excavator Productivity Modifying Factors. International 
Journal of Productivity and Performance Management 64(6): 
12-13. 
[11] Singh, P. 2013. Optimization of Productivity with Surface 
Miner Using Conveyor Loading and Truck Dispatch System. 
International Journal of Research in Engineering and 
Technology 72(2): 127-130. 
[12] Thompson, RJ. 2005. Surface Strip Coal Mining Handbook. 
Johannesburg: South African Colliery Managers Association 
(SACMA). 
 
 269
ISBN 979-587-621-1 
Petrophysical Analysis and Reserve Estimation “Kaprasida” Field 
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Abstract : Petrophysical analysis is done to evaluate petrophysical properties of Baturaja Formation. Identification of porosity, shale 
volume, water saturation and permeability is done in four wells. Shale volume is estimated using Gamma ray log, effective porosity is 
estimated using combination of density log and neutron log, water saturation is measured using Indonesian Equation, and permeability 
is measured using Timur Equation. The average shale volume in each wells are 18.2 %, 12.55 %, 20 %, and  40%. The average 
porosity in each wells are 16.4 %, 14.6 %, 15.3 %, 12.7 %. The average water saturation in each wells are 40 %, 62 %, 67 %, and 64 
%. The average of pereability in each wells are 34.65 mD, 61.15 mD, 157.3 mD. Then, lumping is done by applying cutoff values, for 
Vshale the cutoff value is ≤ 0.7, PHIE ≥ 8 %, SW ≤ 70 %, Permeabilitas ≥ 1 mD. The reserve of  natural gas in two reefal compartment 
is estimated. Top boundary for reserve estimation in Top Surface Baturaja formation Map. Bottom boundary is the depth value of Gas 
Water Contact (GWC). The data of GW is a company data from pressure test and dril stem test in lab. North reefal compartment is 
passed by well MI-1, and south compartment is passed by MI-2, MI-3 and MI-6. Reserve estimation result  of north compartment is 5 
BSCF and south compartment is 6 BSCF. 
Keywords:  Baturaja Formation, Petrophysical Analysis, Reserve Estimation 
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1. INTRODUCTION 
 
Logging method role is very important because it gives the 
description about physical properties of the rocks around the 
borehole. By doing petrophysical analysis using log data the 
thickness of each rock layers can be estimated or giving us the 
information about the rocks vertically. Secondary data such s core 
data ( rock sample from borehole) or mudlog is used to support 
the analysis. By doing petrophysical analysis, the description of 
reservoir rocks which contains hydrocarbon and reserve 
estimation can be done. 
Petrophysical analysis is very useful in reservoir 
characterizaton.. Reservoir characterization in petrophysical 
analysis is done by knowing the lithology, porosity, water 
saturation and rock permeability in subsurface. Lithology 
determination from gamma ray  log identification aims to 
distinguish permeable and impermeable rocks. Density log and 
neutron log are used to calculate porosity of rocks, resistivity log 
is used to calculate water saturation. 
By doing petrophysical analysis of geological formation, 
subsurface structure and  hydrocarbon potential zone can be 
known. However in development of a field, it’s needed to know 
how much the reserve of hydrocarbon in that field. 
2. THEORY 
A. Petrophysical Analysis 
Petrophysical analysis is one of important stages in knowing 
the characteristics of reservoir. Petrophysical analysis is began 
with subsurface data processing by well logging process in 
borehole. There are several parametres needed in order to do 
petrophysical analysis. Such as porosity, water saturation, shale 
volume and permeability. 
B. Porosity 
Porosity is comparison between rock volume which is not 
filled by fluid and the whole volume of rocks. Porosity can be 
measured by density log, neutron log and Rxo (Heysse, 1991). 
Those logs have ability to calculate particular parametres, then 
used to calculate effective porosity. The equation to calculate rock 
porosity is as follows : 
PHIT = PHIE + Vsh.ITsh    (1) 
C. Permeability 
Permeability is a parametre that used to describe the ability 
of rock to flow the fluid. Permeability of rock is one important 
properties to know how effective the rock is. Permeability of rock 
can be calculated using Timur equation as follows : 
PHIT = PHIE + Vsh.ITsh    (2) 
D. Water Saturation 
Water saturation is comparison of the fluid quantity (volume)  
and pore of rocks where the fluid takes place. Water saturation is 
a percentage of part rock which is filled by fluid. Thereis no 
possibilities that pore of rocks are empty from fluid (vacum), so 
Sw+So+Sg = 1. Generally, there are two ways to determine water 
saturation. They are lab analysis from core sample reservoir and 
from log. In this research, water saturation is determined using 
Indonesian equation as follows : 
Sw = ሼሾቀ௏௦௛
మషೇೞ೓
ோ௦௛ ቁ
భ
మ ൅ሺIୣ
೘
ோ௪ ሻ
భ
మሿଶܴݐሽ
షభ
೙  (3) 
E. Shale Volume  
Shale volume estimation is estimate the content of shale in 
reservoir rocks using Gamma ray log. Shale volume calculation is 
used as a correction of total porosity, so the effective porosity of 
rocks can be known. Shale volume is calculated by identification 
of Gamma ray log, based on Index Gamma Ray (IGR) : 
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VSHgr = (GRlog – GRmatrix) / (GRshale – GRmatrix) (4) 
 
F. Reserve Estimation 
Volumetric method is used to estimate gas reserve. The 
result of volumetric method depends on supporting data that used 
in reserve estimation such as porosity, water saturation, bulk 
volume, net to gross ratio and bgi factor. The equation that used 
in volumetric method as follows : 
G = ସଷହ଺଴Ǥ௏௕௨௟௞Ǥ୒୘ୋǤᢥǤሺଵିୗ୵ሻ஻௚௜ி௔௖௧௢௥   (5) 
3. METHODOLOGY 
 This research, generally  is about 3 main subjects. They are 
petrophysical analysis, mudlog analysis, and reserve gas 
estimation. The following figure is a flowchart that used in this 
research : 
 
Fig. 1 Research Flow Chart 
 
4. RESULT 
A. Porosity in four wells 
Based on petrophysical properties calculation in four wells, we 
conclude that well MI-1 has the highest average porosity (figure 
2). The average porosity of well MI-1 is 16,4 % (0.164).  We 
conclude that MI-1 has the best hydrocarbon potential than the 
other three wells based on porosity data 
 
 
 
 
 
 
 
Fig. 2 Porosity in four wells 
B. Water saturation in four wells 
 Based on the result of petrophysical properties calculation 
in four wells, it is noted that well MI-1 has the lowest water 
saturation that the other three wells. Low water saturation in well 
MI-1 indicates high hydrocarbon saturation in well MI-1. We 
conclude that MI-1 has the best hydrocarbon potential than the 
other three wells based on water saturation data. 
 
Fig. 3 Water saturation in four wells 
 
C. Permeability in four wells 
 
  Based on the result of petrophysical properties in four 
wells, it is noted that well MI-3 has the highest permeability than 
the other three wells. The permeability of well MI-3 is 157,3 mD 
(Fig. 4). Based on permeability data, well MI-3 has the best 
hydrocarbon potential. 
 
Fig. 4 Permeability in four wells 
 
D. Lumping 
Reservoir is interest zone. Reservoir has high porosity value 
and permeable rocks. Reservoir zone should have the least shale 
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volume. The content of shale in reservoir rock can make reservoir 
less productive. Reservoir also should have low water saturation. 
Cutoff value is assigned in order to do lumping. The function of 
cutoff value is as a filter to get net reservoir zone. Cutoff values in 
this research are VShale ≤ 0,7, PHIE ≥ 8 %, SW ≤ 70 %, 
Permeabilitas ≥ 1 mD. 
Fig. 5 Result of Lumping in well MI-1 
 
Fig. 6 Result of Lumping in well MI-2 
Fig. 7 Result of Lumping in well MI-3 
 
Fig. 8 Result of Lumping in well MI-6 
 
E. Reserve Estimation 
Hydrocarbon reserve estimation is estimated using 
volumetric method, which is estimated OGIP (Original Gas In 
Place). Based on geological model geometrically describe 
hydrocarbon volume in reservoir. In reserve gas estimation, there 
are several parametres which are important to know. They are 
porosity, water saturation, bulk volume and Bgi factor. Bgi factor 
value is assumed 0.0076, Net to gross ratio is determined from 
lumping. 
The result of reserve gas estimation (fig. 12), Original Gas In 
Place in North reefal Compartment is BSCF, and South reefal 
compartment is 6 BSCF. Although bulk volume of South reefal 
compartment is twice bigger than north reefal compartment, the 
OGIP show almost same value. It is caused by water saturation in 
North compartment (well MI-1) is lower than south compartment 
(well MI-2, MI-3, and MI-6). 
Fig. 9 South Surface Compartment Map 
Fig. 10 North Surface Compartment Map 
Fig. 11 Well Basemap and Top Surface Map 
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Fig. 12 Result of reserve estimation 
5. CONCLUSION 
From the research, we conclude several points, such as : 
1. It has been proved from petrophysical analysis and 
reserve estimation that Baturaja formation, South 
Sumatera Basin has large amount of natural gas. 
2. Determination of hydrocarbon zone is done by using 
mudlog data analysis (gas reading, oil show, and 
lithology), wireline log, sidewall core, and core data. 
3. Based on the result of petrophysical analysis and 
lumping, it is noted that well MI-1 has the best 
hydrocarbon potential of all wells. 
4. North compartment teritory which is passed by well 
MI-1 has 5 BSCF Original Gas In Place (OGIP), and 
South compartment teritory which is passed by wells 
MI-2, MI-3, and MI-6 has 6 BSCF OGIP. 
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Abstract: Enhanced Oil Recovery is the way to increase hydrocarbon production by re-produced residual oil that still trapped in rock 
pores that called residual oil saturation. One of the methods that commonly used to increase oil production in this research is 
surfactant injection. This research had been done in EOR Laboratory of Petroleum Engineering, Faculty of Earth Technology and 
Energy, Trisakti University. The used of surfactant type in this thesis is Alpha Olefin Sulfonate (AOS) with the concentrations are 
0.15%; 0.25%; 0.35%; 0.5%; 0.75%; 1.0%; 1.5%; 1.8% and 2.0%. The used of salinity is 10,000 ppm. This research is also using 3 
(three) compositions of oil combination between kerosene and paraffin, and temperature as parameter, which is 28oC and 70oC. Based 
on the laboratory study, by adding surfactant concentration, the value of density, specific gravity, viscosity and interfacial tension had 
increased. Otherwise, by the increasing of temperature from 28oC to 70oC, it will be caused the decreasing of density, specific gravity, 
viscosity and interfacial tension of fluid. By the measuring of interfacial tension on 28oC temperature, it has the result of Critical 
Micelles Concentration (CMC) that formed at 1% concentration on 70oC temperature, CMC formed at 70°C temperature. On 28oC, the 
maximum recovery factor (RF) is on 9%, meanwhile on 70oC, the maximum recovery factor is 11%. It is all because of the heating on 
70oC, so the RF is increased for 1%. 
Keywords: Enhanced Oil Recovery, Surfactant, Recovery Factor, Oil Recovery, Critical Micelles Concentration (CMC).   1 
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1. INTRODUCTION 
Enhanced Oil Recovery is an effort that can be done to 
increase the return amount of hydrocarbon production. One 
method of Enhanced Oil Recovery is a chemical injection. 
Chemical injection is done by adding chemicals such as 
surfactants into the reservoir by way of injection. The addition of 
chemical substances aimed to change the physical properties of 
the fluid reservoir, such as lowering the interfacial tension or 
increase viscosity. The decrease interfacial tension will decrease 
capillary pressure that affects the residual oil saturation (Sor), so 
that the oil trapped in the pores of rocks narrow will come apart 
and can be produced. So that the chemical injection using a 
surfactant in this study is expected to improve the efficiency of 
displacement and localized so that the oil recovery efficiency can 
be increased. 
 
2. EXPERIMENTAL DETAILS 
a) Methods 
The method that used in this research is to experiment in the 
laboratory . Experiments conducted in the laboratory tests it is 
about the physical properties of an injectable solution which 
includes testing the density, viscosity, interfacial tension, 
rheological, the solution to be injected as well as a decrease in 
residual oil saturation. Injection with the injection of the surfactant 
solution , followed by injection of a surfactant with a particular 
concentration continuously. 
So from laboratory tests obtained the appropriate 
concentration of surfactant that optimal in enhanced oil recovery. 
b) Materials 
The materials that used in this research  are anionic 
surfactant (AOS) with various concentrations (0.5%; 0.75%; 
1.0%; 1.5%; 1.5% ;1.8% ; 2.0 %), brine (salinity 10,000 ppm),  
three types of oil combination: Kerosene (30%) + Paraffin (70%), 
Kerosene (40%) + Paraffin (60%) and Kerosene (50%) + Paraffin 
(50%) and core sample (sandstone) from Kawengan formation. 
2.3  Physical Properties of Core Sample Measurement  
The nature of the reservoir rock associated with static 
properties (porosity and saturation) and dynamic properties 
(permeability). In this research the values of porosity and 
permeability were measured using porosimetry and 
permeameter. Porosity and permeability values obtained from 
measurements are between 16%-18% and 5-8 mD, respectively. 
TABLE 1 PHYSICAL PROPERTIES OF  CORE SAMPLES 
Core 
no. 
Porosity      
(%) 
Permeability 
(mD) 
Pore Volume 
(mL) 
1 17.06 6.98 3.0125 
2 16.60 6.21 2.9325 
3 17.74 5.29 3.1325 
4 17.62 7.77 3.1125 
2.4 Physical Properties of Fluids Measurement  
Some physical properties of the fluid being measured in this 
research are: density, viscosity, Specific Gravity (SG), and °API at 28°C 
and 70°C 
Calculation of fluid properties is done on oil combination, brine, and 
AOS surfactant. Measurement of fluids density, Specific Gravity (SG), and 
°API were performed using an Anton Paar Density Meter. While the fluids 
viscosity is measured by using Ostwald Viscometer. 
 The following are the results of measurements of physical properties 
of the fluid: 
 
TABLE 2 DENSITY, SG AND °API  OF  OIL COMBINATION 
MEASUREMENT 
Oil Sample 
Combinations 
(Kerosene : 
Parafin)          
(%) 
Density        
(gr/cm3) SG °API 
28 °C 70 °C 28 °C 70 °C 
28 
°C 
70 
°C 
30 : 70 0.82 0.80 0.83 0.81 40 42 
40 : 60 0.82 0.79 0.82 0.81 40 43 
40 : 60 0.82 0.79 0.82 0.81 40 43 
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TABLE 3 DENSITY, SG AND °API  OF  BRINE MEASUREMENT 
Salinity of 
Brine       
(ppm) 
Density        
(gr/cm3) SG °API 
28 °C 70 °C 28 °C 70 °C 28 °C 70 °C 
10,000 1.00 0.98 1.00 1.01 8.99 9.07 
 
TABLE 4. DENSITY, SG AND °API  OF  AOS SURFACTANT 
MEASUREMENT 
Surf. 
Con. 
(%) 
Density SG °API 
28 °C 70 °C 28 °C 70 °C 28 °C 70 °C 
0.15 1.003 0.985 1.007 1.007 9.086 9.030 
0.25 1.003 0.985 1.007 1.007 9.044 9.016 
0.35 1.003 0.985 1.007 1.008 9.044 8.947 
0.5 1.003 0.985 1.007 1.008 9.016 8.933 
0.7 1.003 0.985 1.007 1.008 9.002 8.919 
1 1.003 0.986 1.007 1.008 9.002 8.891 
1.5 1.003 0.986 1.007 1.008 8.988 8.835 
1.8 1.003 0.986 1.007 1.009 8.988 8.766 
2 1.004 0.987 1.008 1.010 8.947 8.613 
 
TABLE 5 VISCOSITY OF OIL COMBINATION MEASUREMENT 
Oil Sample 
Combinations 
(Kerosene : Parafin)       
(%) 
Viscosity (cP) 
28 °C 70 °C 
30 : 70 7.914 2.987 
40 : 60 6.606 2.420 
40 : 60 7.484 1.978 
 
TABLE 6 VISCOSITY OF  AOS SURFACTANT MEASUREMENT 
Surfactant 
Concentration 
Viscosity( cP) 
28 °C 70 °C 
0.15 0.742 0.457 
0.25 0.801 0.483 
0.35 0.815 0.483 
0.5 0.845 0.510 
0.7 0.860 0.531 
1 0.860 0.623 
1.5 0.860 0.629 
1.8 0.890 0.673 
2 0.903 0.742 
 
TABLE 7 VISCOSITY OF  BRINE MEASUREMENT
Salinity of Brine        
(ppm) 
Viscosity (cP) 
28 °C 70 °C 
10,000 0.6845 0.4672 
2.5 Interfacial Tension Measurement 
Measurement of interfacial tension (IFT) between oil - 
surfactant and oil - salt water in this study were calculated using a 
Du Nouy Ring. Basis for determining and selecting the optimal 
surfataktan should follow basic: IFT between brine and oil is 28 
dyne/cm. IFT measurement results for various surfactant 
concentrations at 28°C and 70°C are given in Table 8 and Table 
9. 
TABLE 8 IFT VALUES FOR OIL-SURFACTANT at 28°C 
Surfactant 
Concentration 
(%) 
Interfacial Tension (IFT) of Oil 
Combinations (Kerosene:Paraffin)        
(Dyne/cm) 
30:70 40:60 50:50 
0.15 24.240 20.940 18.100 
0.25 22.060 19.420 17.240 
0.35 21.340 18.580 16.180 
0.5 19.340 17.540 15.660 
0.7 18.200 16.900 14.880 
1 17.500 15.680 13.720 
1.5 17.240 15.220 13.320 
1.8 17.180 15.180 13.280 
2 17.100 14.940 13.140 
 
TABLE 9 IFT VALUES FOR OIL-SURFACTANT  at 70°C 
Surfactant 
Concentration 
(%) 
Interfacial Tension (IFT) of Oil 
Combinations (Kerosene:Paraffin)        
(Dyne/cm) 
30:70 40:60 50:50 
0.15 18.660 17.100 15.700 
0.25 15.980 14.880 13.080 
0.35 14.880 12.840 11.640 
0.5 14.040 12.000 10.320 
0.7 13.400 11.860 9.500 
1 13.240 11.700 9.280 
1.5 13.200 11.620 9.260 
1.8 13.160 11.580 9.060 
2 13.120 11.460 9.020 
 
2.6 Experimental Procedure 
This research consists of several stages of a experimental 
procedure, the first time the core sample is cleaned with toluene 
and then dried using an oven. After that, the porosity and 
permeability values of core sample were measured by using a 
porosimeter and permeameter. Then the core samples were 
saturated with brine for 24 hours. After that the core samples 
were dried in the oven, but before it is dried, wet weight of core 
samples are weighed first. Once dried, then the dry weight was 
calculated to obtain irreducible water saturation. Then the core 
sample was added on the shringe pump. Then the core sample is 
injected with oil at a flow rate of oil at the shringe pump is 0.8 mL 
/ min to 20 pore volumes (PV). Then the rock sample is injected 
back to the brine. The next stage of the rock sample is injected 
with a surfactant. Then the rock sample is cleaned with toluene 
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and dried in order to be reused for subsequent surfactant 
concentration at 28°C and 70°C. 
 
3. RESULTS AND DISCUSSION 
A series of studies conducted in this research is intended to 
determine the effect of temperature and concentration on critical 
micelles concentration (CMC) of surfactant displacement on a 
laboratory scale. Measurement begins by measuring and 
calculating the physical properties of reservoir rocks consisting of 
porosity and permeability. After measuring the physical properties 
of rocks, the next step is to calculate the physical properties of 
reservoir fluids consisting of density, specific gravity, ° API, 
viscosity and interfacial tension for a brine, the surfactant solution 
and the combination of the composition of the used oil at 28 °C 
and 70 °C. In addition, this study also analyzes the great 
concentration of surfactant used to enhance oil recovery in a 
laboratory scale. Based on the measurement of interfacial tension 
obtained that with the addition of a solution surfakatan 
concentration will decrease and more stable. This is due to the 
adsorption of the surfactant solution by rocks. The more the 
concentration of surfactant is added in the injection process, the 
surfactant adsorbs the rock will grow well and getting faster. This 
causes the surfactant solution will become saturated and 
interfacial tension decreases and becomes stable. The starting 
point is beginning to stabilize interfacial tension is called the 
critical micelles concentration (CMC). CMC At this point, obtained 
as a result of the oil recovery surfactants maximum displacement 
. And after the point of CMC , the oil recovery will decrease 
In addition , according to a study found that heating the 
surfactant solution to 70 °C will lead to the formation of critical 
micelles concentration (CMC) will be faster. At room temperature 
(28 °C), CMC formed on the surfactant concentration of 1% . 
Meanwhile, when heated , the CMC was formed at a 
concentration of 0.7 % surfactant . Here are the results of 
measurements of interfacial tension on the composition of the oil 
(30% K : 70 % P , 40% K : 60% P , 50% K : 50% P) were 
performed in the laboratory. On the composition of 50% C : 50% 
P , interfacial tension does not decline drastically and are still 
within reasonable limits (Fig.1) 
 
 
Figure 1. Effect of surfactant concentration on IFT @ 50% K : 50% P 
 
Whereas the measurement results on the interfacial tension 
oil composition 40% K : 60% P is shown in Fig.2 
 
Figure 2. Effect of surfactant concentration on IFT @ 40% K : 60% P 
 
 
Figure 3. Effect of surfactant concentration on IFT @ 30% K : 70% P 
 
After the measurement of interfacial tension, the study continued 
with rock sample injection process using a surfactant solution with 
various concentrations of surfactants. Rock samples used in this 
study as many as four (4) samples. And the combination of the 
composition of the oil used for three (3) kinds of combinations, 
namely: 30% kerosene: 70% paraffin, 40% kerosene: 60% 
paraffin and 50% kerosene: 50% paraffin. 
Results of rock sample injection, the value of the maximum 
possible recovery factor contained in the surfactant solution with 
a concentration of 1% at 28 °C and at a concentration of 0.5% at 
70 °C in oil composition (50% kerosene: 50% paraffin). 
At a temperature of 28 °C, the maximum recovery factor at a 
concentration of 1% contained in the sample number 3 (three) 
that is equal to 9.7% of the oil recovery from water flooding. So 
that the total amount of additional oil recovery obtained in the 
presence of a surfactant injection amounted to 48.60%. 
At a temperature of 70 ° C, the maximum recovery factor at a 
concentration of 1% contained in the sample number 3 (three) 
that is equal to 10.90% of the oil recovery from water flooding. So 
that the total amount of additional oil recovery obtained in the 
presence of a surfactant injection amounted to 42.60%. 
The result of the calculation of the recovery factor of oil each 
composition based on temperature and critical point micelles 
concentration (CMC) that is formed is shown in Fig. 4, Fig. 5 and 
Fig.6, (sample no. 3) 
 
 
 
 
 
 
CMC @ 
70°C CMC @ 28°C 
CMC @28°C 
CMC @28°C CMC @ 
70°C 
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Figure 4. Effect of Surfactant Concentration vs. Recovery Factor on 40% 
K : 60% P @ 28 °C and 70 °C 
 
 
Figure 5. Effect of Surfactant Concentration vs. Recovery Factor on 30% 
K : 30% P @ 28 °C and 70 °C 
 
4. CONCLUSION AND RECOMMENDATION 
1. Warming will reduce and lower the interfacial tension. 
Heating the surfactant solution to 70 ° C will lead to the 
formation of critical micelles concentration (CMC) will be 
faster. At room temperature (28 ° C), CMC formed on the 
surfactant concentration of 1%. Meanwhile, when heated, 
the CMC was formed at a concentration of 0.7% 
surfactant. 
2. The more content that serves as a diluent oil (oil in this 
study is used as a diluent is kerosene), then the interface 
voltage would be lower. 
3. Results of rock sample injection, the value of the maximum 
possible recovery factor contained in the surfactant 
solution with a concentration of 1% at 28 °C and at a 
concentration of 0.5% at 70 °C in 50% kerosene oil 
composition: 50% paraffin. 
4. At temperature 28 °C, the maximum recovery factor at a 
concentration of 1% contained in the sample number 3 
(three) that is equal to 9.7% of the oil recovery from water 
flooding. So that the total amount of additional oil recovery 
obtained in the presence of a surfactant injection 
amounted to 48.60%. 
5. At a temperature of 70 °C, the maximum recovery factor at 
a concentration of 1% contained in the sample number 3 
(three) that is equal to 10.90% of the oil recovery from 
water flooding. So that the total amount of additional oil 
recovery obtained in the presence of a surfactant injection 
amounted to 42.60%. 
6. An increase in temperature, the point of critical micelles 
concentration (CMC) will be shifted to the left (decreasing) 
and recovery factor will increase. This was demonstrated 
during the 28 °C maximum recovery factor prices gained 
7.90%. And at 70 °C, the maximum price recovery factor 
amounted to 8.60% (on a composition of 30% K: 70% P). 
7. Price maximum recovery factor of composition (40% K: 
60% P) is equal to 8.67%. And at 70 °C, the price is equal 
to the maximum recovery factor of 9.33%. 
8. The composition maximum price recovery factor of 
composition (50% K: 50% P) is equal to 9.70%. And at 70 
° C, the maximum price recovery factor is equal to 10.99%. 
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Abstract: Coal seam in Bara Mitra Kencana Company is there in Sawahlunto Formation with age Eosen in Ombilin Basin.Writer meet 
some constraint happen at company among others; first, there are big enough structure deformation effect of existence  fault and fold 
process in mining location. The second, company also has constraint in determining right time in changes wood prop at underground 
mine. The main objective from this research is to know behavior or characteristic rock in underground coal mine Bara Mitra Kencana. 
This research will analyse stress value between of virgine vertical stress with measured vertical stress. For convergence value’s will be 
drawn in the form of trend, and also will analyse Rock Mass Rating and geology structure in Work Location. From virgine vertical 
stress vs measured vertical stress we get empirical equation y = 0,089x + 1,255. From convergence measurement obtained: average 
height at station 1 is 194,517 cm, at station 2 is 251,793 cm and at station 3 is 217,552 cm. Dominant Straightness structure in that 
area is 201⁰- 210⁰. Classification rock mass rating according Bieniawski parameter, coal includes to rock class III with total weight 48 . 
Siltstone includes rock class II with weight 62. 
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1. INTRODUCTION 
Sawahlunto known as eldest underground coal mine in 
Indonesia, where especial mine commodity of Sawahlunto is coal. 
Coal Mine in Sawahlunto have been started by Colonial 
Netherland sinces 1891. 
Coal Mine in Sawahlunto Operation with strip mine and 
underground mine. Operation strip mine likes: Tahiti Coal 
Company and Air Mata Emas Company. But in this time generally 
done with underground mine likes:  Bukit Asam (Unit Ombilin) 
which this company is eldest mine, Daksa Elang Abadi company, 
Cahaya Bumi Pratama Company, Allied Indo Coal Jaya 
Company, Nusa Alam Lestari Company, Dasrat Sarana Arang 
Sejati Company, Miyor Company, and Bara Mitra Kencana 
Company.  
 Coal seam in Bara Mitra Kencana Company are there in 
Sawahlunto Formation with age Eosen in Ombilin Basin, which 
consist of: chip carbon, siltstone, sandstone, konglomerat inset 
and coal. For the location of research  rock met are siltstone and 
coal. The Prop applied by company using wood prop and 
concrete prop at canopy. 
Writer meet some constraint happen at company among 
others; first there are big enough structure deformation effect of 
existence  fault and fold process in mining location. Because 
Sawahlunto formed by Intra Mountana Basin. The second 
company also has constraint in determining right time in change 
wood prop at underground mine. 
The objective of this research are: 
a. To determine stress value in rib. 
b. To know convergence value to monitor roof deformation. 
c. To know situation of geology structure in research area. 
d. To know stand time up to use as reference in installation 
of support. 
 The main objective from this research is to know behavior or 
characteristic rock in underground coal mine Bara Mitra Kencana 
Company, Especially at BMK 32 Hole.
Geomechanics aspect is one of important aspect which must 
be attention to make sure stability of hole at underground mine. 
Other aspect which must be considered are geology, 
hidrogeology and technical support. 
2. EXPERIMENTAL 
a. Methods 
 This research will analyse stress value between of virgine 
vertical stress with measured vertical stress. For convergence 
value’s will be drawn in the form of trend, and also will analyse 
Rock Mass Rating and geology structure in Work Location Bara 
Mitra Kencana Company especially ( BMK 32) in 2016. 
 The instrumens used on the research are  to measure stress 
value by Flat Jack, to measure convergence value measured by 
Convergence Rod stick. And also for the measurement of 
geology structure use geology compass, gauge, and digital 
caliper. 
 
FIg.1.Flat Jack & Stick Convergence Rod 
 
b. Discussion 
If compared Stress vertical measured to deepness, we get  
empirical equation y = 0,023x + 1,237. It can be used to know  
certain stress with change x variable. From virgine vertical stress 
vs measured vertical stress we get empirical equation y = 0,089x 
+ 1,255. 
From convergence measurement obtained: average height at 
station 1 is 194,517 cm, at station 2 is 251,793 cm and at station 
3 is 217,552 cm. Dominant Straightness structure in that area is 
201⁰- 210⁰. Classification rock mass rating according Bieniawski 
parameter coal includes to rock class III with total weight 48. 
Siltstone includes rock class II with weight 62.
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For the emperical equation \Depth versus Measured Vertical Streess Look at picture 2. 
 
 
 
Fig. 2. Depth Vs Measure Vertical Stress in BMK 32 
 
For the emperical equation Virgine Vertical Stress versus Measured Vertical Stress Look at picture 3. 
 
 
 
Fig. 3. Virgine Vertical Stress Vs Measured Vertical Stress in (BMK 32) 
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To knows convergence in tunnel since 30 days, Look at picture 4. 
 
Fig. 4. Convergence in BMK 32 Hole 
 
For Rock Mass Rating according Bieniawski Parameter we get (pic.5): 
 
 
Fig.5. Rock Mass Rating in BMK 32 Hole 
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Fig 6. Dominant Straightness Between 201⁰-210⁰ 
 
3. CONCLUSION  
If compared Stress vertical measured to deepness, we get  
empirical equation y = 0,023x + 1,237. It can be used to know  
certain stress with change x variable. From virgine vertical stress 
vs measured vertical stress we get empirical equation y = 0,089x 
+ 1,255. 
From convergence measurement obtained: average height at 
station 1 is 194,517 cm, at station 2 is 251,793 cm and at station 
3 is 217,552 cm. Dominant Straightness structure in that area is 
201⁰- 210⁰. Classification rock mass rating according Bieniawski 
parameter coal includes to rock class III with total weight 48. 
Siltstone includes rock class II with weight 62. 
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Dominant Straightness: 
Max value = 41.17647% between 201 
degr and 210 degr. Mean Vec = 209,6 
degr ± 08,1; Average Length = 
0,8492. Circular Variance = 0,1508;   
kappa = 3,479. [vector mean; 
uncertainty is 1 standard error, for 
95% confidence level. 
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Clay and Rheology Parameters  
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Abstract: The production well needs drilling fluid mud to produce the oil. KCl Polymer which common used in Indonesia is not 
environment friendly. Moreover, in some countries the usage of KCl has been prohibited[Chattopadhyay S.K et al., 2010] 
Another type of drilling fluid mud named polyamine which made from quaternary ammonium salt as shale inhibitor recently has been 
developed. This kind of drilling fluid mud is more environment friendly than KCl.  
This paper is done by observing the comparison between Polyamine and Kcl performance as a shale hydration inhibitor. NaCl is 
added in to this experiment to make the Osmotic Pressure greater than existing pressure. The used method is by measuring the 
sample of core in swelling clay and rheology mud parameter. The results show that in the specific level of Polyamine and NaCl has a 
better performance in inhibitor usage than KCl Polymer. 
Keywords: Polyamine, swelling clay, rheology, polymer, KCl, drilling fluid mud.   1 
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1. INTRODUCTION 
Generally, water base mud that very popular in petroleum 
industry especially drilling activity was KCl Polymer. Early 1970’s 
became popular, a variety polymers in combination with KCl were 
evaluated to achieve a higher level of shale inhibition as 
compared to potassium chloride alone [Arvind Patel et al., 2007]. 
Shale instability is the root cause of over 90% of the wellbore 
instability-related problem in the drilling [Morton, K et al., 2005]. 
Lithology in Indonesia usually used 7% concentrate of KCl to 
preventive swelling clay, for many years various chemical to 
changed KCl was improved in another country but not familiar to 
used. For more swelling clay, concentration of KCl more needed 
more, work principle of KCl was ion exchanged. For the reasons 
of environmental by using KCl high salinity in offshore drilling 
using ion K+ was banned [Chattopadhyay S.K et al., 2010] 
These paper describes to changed KCl with Polyamine that 
have same function as shale inhibitor, added NaCl for salinity  
and the advantages is friendly environmental. 
A. Polyamine shale inhibitor 
 Polyamine, quaternary ammonium salt have an unique 
molecular very similar hydrate volume as potassium [Arvind Patel 
et al., 2007], it fill into clay layers and bond (polyamine and clay). 
That’s provide water adsorption tendency of clay will be 
decreased. 
 
Fig 1 Quaternary ammonium cation[Arvind Patel et al., 2007] 
Quaternary ammonium cation, also known as quats 
[en.wikipedia.org], are positively charged polyatomic ions of the 
structure NR+4,R being an alkyl group or an aryl group[Morton, K 
et al., 2005]. Unlike the ammonium ion (NH+4) and the primary, 
secondary, or tertiary ammonium cations, the quaternary 
ammonium cations are permanently charged, independent of the 
pH of their solution 
Polyamine, quaternary ammonium salt which prevents water 
absorption by shale, suppressing hydration shale and clay, and 
restricting dispersion. Polyamine is liquid with completely soluble 
in water and easy to mix. The minimum concentration 2% 
volume/volume (v/v) is recommended and can be increased to 
5% v/v depending on formation reactivity. 
B. NaCl as salinity 
By added of concentration NaCl for high salinity to improve 
osmotic pressure. It’s the minimum pressure which needs to be 
applied to a solution to prevent the inward flow of water across a 
semipermeable membrane. It’s the pressure created by water 
moving across a membrane due to osmosis. The more water 
moving across the membrane, the higher the osmotic pressure.  
2. EXPERIMENTAL DETAILS 
Table 1 Polyamine 5% 
Product Name Concentration (lb/bbl) 
Water 318.29 
NaOH 0.75 
Bentonite 3 
NaCl 17.5 
PAC L 3 
Starch 3 
XCD Polymer 1 
Polyamine 19.2 
 
Table 2 7% KCl Polymer  
Product Name Concentration (lb/bbl) 
Water 331.45 
KOH 0.8 
Bentonite 5 
PAC L 1 
PAC R 0.25 
Starch 3.5 
XCD Polymer 1.3 
KCL 22.5 
PHPA L 1 
Created 2(two) formulation of mud 7% KCl Polymer and 5% 
Polyamine mud. In these paper using bentonite non treated as 
core that can replaced with cutting from location. 
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Figure 2 Linear swelling meter result 
      Table 3 Result swelling clay and Gel Strength   
Result NaCl 5% 
Polyamine 2% 
NaCl 5% 
Polyamine 5% 
7% KCl 
Polymer 
OBM 
% 
Swelling 
17 14 23 7 
Gel 
Strength 
12 / 12 13 /13  8 / 16 9 / 21 
As shown in figure 1, the swelling rate of clay in polyamine is 
smallest compared with 7% KCl. Table 3 Percentage of swelling 
clay using Polyamine more smaller than using 7 KCl. By variation 
NaCl 5% percentage of swelling can decreased. The advantage 
by using polyamine can shown as gel strength (GS) result that 
GS 10 second and GS 10 min are same. 
CONCLUSIONS 
From the analysis of laboratory evaluation result that 
polyamine can exchanged material K+ for shale inhibitor, using 
Polyamine more effective than KCl, polyamine has characteristics 
of strong inhibitory. Laboratory study proved that polyamine has 
good for rheology (Gel strength). 
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Modification of Southern Bandung Waste Transportation Using 
Vehicle Routing Problem (VRP) – Nearest Neighbor Model 
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Abstract: According to landfill relocation project in Bandung City, the landfill site will be moved to a far location, there were plans for 
using 2 big stasiun transfers (SPA) at Gedebage and Leuwigajah. SPA Gedebage will receive the waste from Southern and Eastern 
Bandung. Southern Bandung has 2 types of waste transportation system, which were Haul Container System (HCS) and Stationary 
Container System (SCS).  This research discusses the use of a Stationary Container System (SCS), which is serving several TPS’s in 
Southern Bandung area. Vehicle Routing Problem (VRP) is used to optimize routes by means of the Nearest Neighbor method. For 
serving the waste transportation in the Southern Bandung area, there are 6 dump trucks with 10m3 volume, and 12 dump trucks with 
6m3 volume, and operational time is from 05:00 – 18:00 daily. The number of TPS’s are 39 in Southern Bandung. Based on the VRP 
Nearest Neighbor, it is known that on average every dump truck is serving 5 TPS’s per trip. The trip distance is varying from 25.5 km to 
32.8 km. This distance is different for each dump truck due to the distance from pool to each TPS and from the last TPS to be served 
that will transported to the SPA, and then from the SPA, the dump truck will return to the pool again at the end of operational time. 
Keywords:  route, SCS, SPA, TPS, VRP-Nearest neighbor 
1
                                                        
e-mail: anni_rochaeni@unpas.ac.id* 
INTRODUCTION 
The Bandung city government planned to moving landfill 
(TPA) to another far location, so that the need of transition 
transfer station (SPA) became important as a big transfer station 
before the waste were moved to TPA using the bigger vehicles. 
The SPA will receive solid waste from some little transfer station 
(TPS) using the smaller vehichles. There were two planned 
locations for SPA, which were at Gedebage and Leuwigajah. SPA 
Gedebage will receive waste from Southern Bandung and 
Eastern Bandung. The municipal administration using two types 
of container, which are Haul Container System (HCS) and 
Stationary Container System (SCS). This research is focused on 
solid waste transportation system for Southern Bandung that has 
39 TPSs that will be transported to SPA Gedebage. 
There were many methods used to achieve the most effective 
routes on transportation systems, including the solid waste 
transportation. Some methods used on solid waste transportation 
route optimizing were GIS system [1,2,3], Dynamic Systems [4,5], 
the utilization of time series data and statistical analysis [6], 
development from various algorithm methods [7, 8], or integer 
methods [9] 
Another method used in this research was the VRP method, 
which also been used in some waste transportation research. Son 
et al. [10] used VRP with multiple transfer station to build a waste 
transportation system, while Bing et al.[11], used VRP for 
collecting plastic waste. Some VRP development was also used 
to optimize the waste transportation system. Teixeira et al. [12], 
was used a Periodic-VRP in recyclable waste collecting, while 
Ramos et al. [13], used a multi-depot VRP which was developed 
using a mixed integer linear programming method based on 
cooling oil waste planning. VRP also often been used to minimize 
emissions [14]. 
 
The research objectives are:  
1.  To determine an alternative route of solid waste transportation. 
2.  To determine the number of vehicles needed to pick up the solid 
waste in order that all TPS will be served in a single trip per day. 
RESEARCH METHOD 
Waste transportation service in Bandung is divided into 4 solid 
waste transportation regions as seen in Figure 1. This research 
discusses an area of Southern Bandung because the number of 
TPS’s by SCS in those areas are more than in any other areas. 
There are 39 TPSs in Southern Bandung which are served by 
SCS. At this time, those TPSs are served by 6 m3 trucks and 10 
m3 trucks. In this research, all the TPSs will be served by 10 m3 
trucks. 
 
 
Fig. 1 Map of Bandung Service Area 
 
 
The Nearest Neighbor (NN) – Vehicle Routing Problem 
Multiple Trips and Intermediate Facility (VRPMTI) – was used to 
solve a route problem by determining a closest node with a 
shortest distance. It becomes a measurement of whether the 
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system can work well to optimize the waste transportation by one 
round so that there will be no solid waste stacked at the TPS. 
The NN method on each iteration is searching a nearest 
customer to the last customer to be added into that last route. The 
steps are as follows, 
Step 1.  Set a node pool (depot) and node TPS or waste bin for 
each vehicle in the transporting solid waste area. 
Step 2. Make a distance matrix to describe TPS locations and 
the distance inter TPS. 
Step 3. Searching for shortest distance. Starting from the vehicle 
pool, then searching a TPS with the biggest volume and 
shortest distance to the vehicle pool as the first location. 
Step 4. Continue to the next TPS location with the shortest 
distance to the selected TPS earlier and the solid waste 
volume does not exceed the vehicle capacity. 
a. If there is a selected TPS as a next TPS location and     
there is a remaining capacity on the vehicle, back to 
step 4. 
b.If there is no remaining capacity on the vehicle, back to 
step 3. 
c.If there is a TPS location selected due to waste volume 
exceeding the vehicle capacity, then back to step 3. 
d.Start again from the pool to visit the TPS location that 
has not been visited and has the closest distance. If all 
TPS has been visited one time, then the algorithm is 
ended. 
Step 5.  Optimal calculations by totalling the starting distance to 
the end of the trip. 
RESULT AND DISCUSSION 
Route 
Every vehicle was operated daily from 04:00 until 17:00 or 
19:00, depending on the waste volume to be transported and the 
traffic. The fixed service route is Pool – TPS’s – SPA – TPA. The 
vehicle pool for Southern Bandung is in Jl. Soekarno-Hatta. 
From the vehicle pool, the vehicle will go to TPS on the stated 
route then collecting waste to the vehicle on that TPS. If there is a 
remaining capacity on the vehicle, the vehicle will go to the next 
TPS on the next stated route to do the same job. If the capacity 
has achieved, then the vehicle will go to the SPA at Gede Bage, 
Eastern Bandung. From the SPA there will be another vehicle to 
transporting the waste to the landfill (TPA) at Legoknangka, 
Kabupaten Bandung. 
Figure 2 shows the waste transporting route for Southern 
Bandung  
 
Fig. 2 Route for Southern Bandung 
Table 1 shows a distance matrix (meters) from Pool among 
TPSs in Southern Bandung, while Table 2 shows a time matrix 
(minutes). 
Based on Tables 1 and 2, then the VRP was calculated and fit 
to the research method. Dump trucks were used in this case, with 
the capacity is 10 m3 and a compaction factor of 20%, so that 
maximum truck capacity is 12 m3. The result is that  serving 39 
TPSs in Southern Bandung would need 9 trucks, with the service 
sequence for each TPSs as shown on Tables 3 to 11. 
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Table 1. Distance Matrix for TPS in Shouthern Bandung 
 
Table 2. Time Matrix for TPS in Shouthern Bandung 
 
Table 3. Route Truck 1 
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0 POOL
1 Dalem kaum 5100
2 Pendopo 5380 280
3 Mesjid Agung 5530 145 150
4 Kedai Nyonya 7230 1980 1850 1700
5 Mie Naripan 7310 2060 1930 1780 80
6 RM Atmosfir 8710 3460 3330 3180 1480 1400
7 SMA 8 Bdg 1900 3600 3880 3745 3000 3080 3700
8 SMP 28 Bdg 2060 3760 4040 3905 3160 3240 3860 160
9 HUPDAM 4900 1600 1880 1745 3445 3525 2600 2800 3000
10 SMP 11 Bdg 5700 1700 1980 1845 3545 3625 2700 3600 3800 800
11 ITC kalapa 5450 850 1130 995 2695 2775 1950 3450 3610 650 830
12 Gedung Merdeka 5500 2100 2380 1955 1300 1380 1500 3700 3860 3700 3800 3100
13 SMKN 1 Bdg 6900 2000 1820 1755 2400 2480 2600 5600 5760 3600 3700 2850 1400
14 Graha Manggala 6200 3600 3420 3520 2400 80 2900 4800 4960 5200 5300 4450 3000 1600
15 Stadion Siliwangi 6450 3850 3680 3050 2150 2230 2650 5050 5210 5450 5550 4700 3250 1850 250
16 AJENDAD 6900 4300 4120 4220 2300 2380 2700 5500 5660 5900 6000 5150 3700 2300 700 450
17 Bika Soga 1800 3600 3880 3745 3200 3120 3800 600 760 2900 3700 3550 4300 5700 4600 4850 5300
18 RM Bumus 1900 3200 3480 3345 2700 2600 3390 280 440 2490 3290 3140 3890 5290 4290 4540 4990 410
19 RM Ponyo 4000 3100 3380 3245 1100 1020 2100 2400 2560 3900 4700 4550 1900 3300 2600 2850 3300 2510 2100
20 Hotel Kumala 5300 1800 2080 1945 1800 1880 850 3700 3860 2400 3200 2400 550 1950 2400 2650 3100 4000 3400 1300
21 Hotel Royal Place 7000 2000 2280 2145 850 930 1100 3800 3960 2700 3500 2600 800 2200 2200 2450 2900 4200 3790 2000 1700
22 Hotel Istana 7040 1960 2240 2105 810 890 1070 3760 3920 2660 3460 2560 760 2160 2160 2410 2860 4160 3750 1960 900 40
23 Cafe Almaarif 7190 1810 2090 1955 660 740 920 3610 3770 2510 3310 2410 610 2010 2300 2550 3000 4010 3600 1810 750 190 150
24 Pasar Kordon 1300 5500 5780 5645 5000 4920 5590 2480 2640 4690 5490 5340 6090 7490 6490 6740 7190 1790 2200 4300 5600 7300 7340 7490
25 JL. A.Yani cicadas 5500 6500 6780 6645 3900 3820 5000 4900 5060 6700 7500 7350 4600 6000 3600 3850 4300 5300 4890 3500 4100 5800 5840 5990 7200
26 Gudang Jogja 6200 5100 5380 5245 3200 3120 4300 4200 4360 6000 6800 6650 3900 5300 2900 3150 3600 4600 4190 2800 3400 5100 5140 5290 6500 700
27 STSI 1300 3700 3980 3845 3180 3080 3870 760 920 2970 3770 3620 4370 5770 4770 5020 5470 470 480 2600 3900 5600 5640 5790 1800 5370 6070
28 Sukaati 3100 4500 4780 4645 5400 5300 6090 2980 3140 5190 5990 5840 6590 7990 6990 7240 7690 3170 2700 4400 5700 7400 7440 7590 3500 7590 8290 1800
29 Menger 4500 5900 6180 6045 6800 6700 7490 4380 4540 6590 7390 7240 7990 9390 8390 8640 9090 4570 4100 5800 7100 8800 8840 8990 4900 8990 9690 3200 1400
30 Primarasa 1600 3350 3630 3495 2850 2750 3540 150 310 2640 3440 3290 4040 5440 4440 4690 5140 210 150 2250 3550 4820 4860 5010 2100 4700 5400 300 2100 3500
31 Jln. Windu 4120 2900 3180 3045 935 890 1950 2520 2680 4020 4820 4670 1650 3050 2800 3050 3500 2630 2220 120 1100 2900 2940 3090 4520 3300 4000 2720 4520 6000 2500
32 SMA BPI 4740 2560 2840 2705 560 520 1610 3150 3310 3160 3960 3160 1310 2710 2400 2650 3100 3260 2850 750 760 2500 2540 2690 5050 3920 4620 3350 5150 6620 3120 620
33 RHB Sport 6110 6400 6680 6545 4500 4420 5600 5500 5660 7300 8100 7950 5200 6600 4200 4450 4900 5900 5490 4100 4700 6400 6440 6590 7800 1300 2000 5970 7770 9170 5640 4220 5000
34 Borma Antapani 5700 5990 6270 6135 4090 4010 5190 5090 5250 6890 7690 7540 4790 6190 3790 4040 4490 5490 5080 3690 4290 5990 6030 6180 7390 1710 890 5560 7360 8760 5230 3810 5410 410
35 SDM 2100 4350 4630 4495 5250 5150 5940 2830 2990 2800 3600 3450 5990 7390 6390 6640 7090 3020 2100 4200 5500 7200 7240 7390 3650 7740 8440 1950 150 1550 2250 4320 4200 7210 6800
36 RM Sari Sunda 2620 5140 5420 5285 4730 4700 5420 2310 2470 3590 4390 4240 5470 6870 5870 6120 6570 2500 1580 3680 4980 6680 6720 6870 2100 7220 7920 1430 790 2190 1730 3800 4430 6690 6280 520
37 TD Cicaheum 8400 7800 8080 7945 5900 5875 7000 6900 7060 8700 9500 9350 6600 8000 5600 5850 6300 4600 6890 5500 6100 7800 7840 7990 7900 1900 2700 7300 8300 9700 7040 5620 5900 1400 1810 8450 8970
38 Selai Negro Brand 6700 2360 2640 2505 1210 1185 1470 4160 4320 3060 3860 3710 1160 2560 2000 2250 2700 4560 4150 1400 1300 470 510 550 6000 3395 4095 4000 5800 7200 4300 1300 1000 4700 5110 5950 6470 5200
39 Depan Psr Kosambi 5200 2900 3180 3045 895 875 1950 4100 4260 4000 4800 4650 1650 3050 2700 2950 3400 4100 3690 1600 1100 2800 2840 2990 6470 2500 3200 4200 6000 7400 3840 1400 1100 3795 4205 6150 6670 4305 895
To 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
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0 POOL
1 Dalem kaum 22
2 Pendopo 24 2
3 Mesjid Agung 23 1 2
4 Kedai Nyonya 31 10 10 8
5 Mie Naripan 33 12 12 10 2
6 RM Atmosfir 41 20 12 10 7 8
7 SMA 8 Bdg 14 15 17 16 17 19 21
8 SMP 28 Bdg 15 16 18 17 18 20 22 1
9 HUPDAM 19 7 9 8 16 18 26 14 13
10 SMP 11 Bdg 22 5 7 6 14 16 24 10 11 3
11 ITC kalapa 27 4 6 5 13 15 23 15 16 3 5
12 Gedung Merdeka 30 8 10 7 15 17 25 29 30 17 13 14
13 SMKN 1 Bdg 32 10 10 9 17 19 27 25 26 17 15 14 8
14 Graha Manggala 41 20 20 19 14 13 19 22 23 25 28 24 17 9
15 Stadion Siliwangi 42 21 21 22 15 14 20 23 24 26 29 25 18 10 1
16 AJENDAD 44 23 25 24 17 16 22 25 26 28 31 27 20 12 3 2
17 Bika Soga 13 14 16 15 16 17 17 4 5 13 16 15 22 24 22 23 25
18 RM Bumus 15 12 14 13 14 15 15 2 3 11 14 13 20 22 20 21 23 2
19 RM Ponyo 26 19 21 18 7 6 14 9 10 15 18 18 8 16 11 12 14 13 11
20 Hotel Kumala 32 7 7 6 7 9 6 10 11 10 10 9 2 10 15 16 18 20 18 6
21 Hotel Royal Place 41 13 13 12 6 8 7 28 29 14 14 12 5 13 13 14 16 28 26 14 15
22 Hotel Istana 42 14 14 13 5 7 6 27 28 13 13 11 4 11 12 13 15 27 25 13 14 1
23 Cafe Almaarif 44 16 16 15 4 6 4 25 26 11 11 9 3 9 10 11 13 25 23 11 12 3 2
24 Pasar Kordon 9 22 24 23 24 25 25 12 13 21 24 23 30 32 30 31 33 8 10 21 27 42 43 22
25 JL. A.Yani cicadas 25 28 30 29 18 19 22 19 20 25 28 28 18 26 17 18 20 18 16 13 19 34 35 37 26
26 Gudang Jogja 29 24 26 25 15 14 18 15 16 21 24 24 14 22 13 14 16 14 12 9 16 31 32 34 22 4
27 STSI 7 14 16 15 16 15 37 4 5 13 16 15 22 24 34 35 37 2 2 13 19 34 35 37 8 18 22
28 Sukaati 15 22 24 23 24 23 23 12 13 21 24 23 30 32 42 43 45 10 10 21 27 42 43 45 16 26 30 8
29 Menger 26 33 35 34 35 34 34 23 24 32 35 34 41 43 53 54 56 21 21 32 38 53 54 56 27 37 41 19 11
30 Primarasa 8 13 15 14 15 16 16 2 3 12 15 14 21 23 21 22 24 3 1 12 18 33 34 36 11 17 21 1 9 20
31 Jln. Windu 27 14 16 15 6 5 13 10 11 16 19 19 9 17 12 13 15 14 12 1 7 22 23 25 22 11 15 14 22 33 13
32 SMA BPI 28 12 14 13 4 3 12 11 12 17 20 20 10 18 13 14 16 15 13 2 5 20 21 23 24 13 17 16 24 35 15 2
33 RHB Sport 12 30 32 31 21 20 24 21 22 27 30 30 20 28 19 20 22 20 18 15 22 37 38 40 28 5 6 20 28 47 19 16 20
34 Borma Antapani 10 28 30 29 19 18 22 19 20 25 28 28 18 26 17 18 20 18 16 13 20 35 36 38 26 7 4 26 34 45 21 14 22 2
35 SDM 19 21 23 22 30 29 22 11 12 20 23 22 29 31 41 42 44 9 11 20 27 42 43 45 15 25 25 7 1 12 8 21 23 31 29
36 RM Sari Sunda 13 19 21 20 28 27 20 9 10 18 21 20 27 29 39 40 42 8 9 18 25 40 41 43 13 23 27 6 4 15 7 19 21 29 31 2
37 TD Cicaheum 32 35 37 36 26 26 29 26 27 32 35 35 25 33 24 25 27 25 23 20 27 42 43 45 33 7 11 33 41 52 32 21 28 5 7 40 38
38 Selai Negro Brand 20 18 20 19 6 8 6 27 28 13 13 11 5 11 8 9 11 27 25 3 14 2 2 2 35 18 22 16 24 35 15 4 3 23 25 25 23 24
39 Depan Psr Kosambi 17 12 14 13 6 5 10 13 14 19 24 24 7 21 15 16 18 17 15 4 5 20 21 23 25 14 18 17 25 36 16 5 4 21 23 26 24 20 4
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Table 4. Route Truck 2 
 
Table 5. Route Truck 3 
 
 
Table 6. Route Truck 4 
 
 
Table 7. Route Truck 5 
 
 
Table 12. Distance and Time Recapitulation for Each Truck  
 
Table 8. Route Truck 6 
 
 
Table 9. Route Truck 7 
 
 
Table 10. Route Truck 8 
 
 
Table 11. Route Truck 9 
 
 
 
Trucks no 8 and 9 only serve one TPS due to the large 
amount of waste volume in those TPSs and long loading time, so 
that total time per trip will be 125 minutes and 129 minutes.  
Table 12 shows a route recapitulation for each truck. It can be 
seen that the 7 other trucks can serve 3 to 8 TPSs per trip with a 
total distance between 5.3 km to 10.38 km, and the average for 9 
trucks was 7.2 km. The trip time from the pool to the last TPS was 
125 minutes to 182 minutes, with the average of 157.6 km. 
 
 
 
 
Route truck #1 RM Bumus HUPDAM ITC Dalem kaum Pendopo Mesjid 
Agung
Total
Waste Volume (m3) 1 3 2 2 2 2 12
Distance (m) 1,900 2,490 650 850 280 150 6,320
Trip Time (min) 15 11 5 4 2 1 38
Loading time (min) 7 29 21 19 20 20 116
Total time (min) 22 40 26 23 22 21 154
Route truck #3 STSI Bika soga Prima-rasa SMA 8 
Bandung
SMP 28 
Bandung
SMP 11 
Bandung
Total
Waste Volume (m3) 3 2 1 2 2 2 12
Distance (m) 1,300 470 210 150 150 3,800 6,080
Trip Time (min) 7 2 3 2 3 11 28
Loading time (min) 38 18 10 23 22 15 126
Total time (min) 45 20 13 25 25 26 154
Route truck #4
Pasar 
Kordon
Graha 
Manggala 
Siliwangi
AJENDAD Total
Waste Volume (m3) 7 3 2 12
Distance (m) 1,300 6,490 700 8,490
Trip Time (min) 9 30 3 42
Loading time (min) 76 37 19 132
Total time (min) 85 67 22 174
Route truck #5 JL. A.Yani-
Cicadas
Gudang 
Jogya
RHB Sport Borma 
Antapani
Total
Waste Volume (m3) 6 1 2 2 11
Distance (m) 5,500 700 2,000 410 8,610
Trip Time (min) 25 4 6 2 37
Loading time (min) 63 7 23 20 113
Total time (min) 88 11 29 22 150
Waste Volume (m3) 8 3 1 12
Distance (m) 3,100 1,400 1,550 6,050
Trip Time (min) 15 11 12 38
Loading time (min) 94 31 19 144
Total time (min) 109 42 31 182
Route truck #6 Sukaati Menger SDM Total
Route truck #7 RM Sari 
sunda
Kedai 
Nyonya
Mie Naripan Hotel Royal 
Place
Hotel Istana Slai Brand Cafe 
Almaarif
RM 
Atmosfir
Total
Waste Volume (m3) 2 1 1 2 2 2 1 1 12
Distance (m) 2,620 4,730 80 930 40 510 550 920 10,380
Trip Time (min) 13 28 1 8 1 2 3 5 61
Loading time (min) 22 10 8 19 22 21 9 10 121
Total time (min) 35 38 9 27 23 23 12 15 182
Route truck #8 Pasar 
Kosambi
Total
Waste Volume (m3) 10 10
Distance (m) 5,200 5,200
Trip Time (min) 17 17
Loading time (min) 108 108
Total time (min) 125 125
Route truck #9
Pasar 
Cicaheum Total
Waste Volume (m3) 10 10
Distance (m) 8,400 8,400
Trip Time (min) 32 32
Loading time (min) 127 127
Total time (min) 159 159
Route truck #2 RM Ponyo Jl. Wimdu SMA BPI Hotel 
Kumala
Gedung 
Merdeka 
SMKN 1 
Bandung
Stadion 
Siliwangi
Total
Waste Volume (m3) 1 3 2 2 1 2 1 11
Distance (m) 4,000 120 620 760 550 1,400 1,850 5,300
Trip Time (min) 26 1 2 5 2 8 10 28
Loading time (min) 7 29 22 17 11 22 10 111
Total time (min) 33 30 24 22 13 30 20 139
Truck#1 Truck#2 Truck#3 Truck#4 Truck#5 Truck#6 Truck#7 Truck#8 Truck#9
Number of TPSs 6 7 6 3 4 3 8 1 1
Waste Volume (m3) 12 11 12 12 11 12 12 10 10
Distance (m) 6,320 5,300 6,080 8,490 8,610 6,050 10,380 5,200 8,400
Trip Time (min) 38 28 28 42 37 38 61 17 32
Loading time (min) 116 111 126 132 113 144 121 108 127
Total time (min) 154 139 154 174 150 182 182 125 159
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Table 13. Total Trip and Time for Each Truck per Trip 
  
 
Table `13 shows the total trip and time for each truck to do the 
trip, added by the trip from the last TPS to SPA and the trip from 
SPA back to the pool. The total trip was 25.45 km to 32.78 km, 
with the average was 28.92 km per trip. While the total time with 
the addition of trip time from the last TPS to SPA and the trip from 
SPA back to the pool was 84.35 minutes to 106.34 minutes, with 
the average of 95.71 minutes per trip. 
Suppose that the truck operational time is 8 hours, then the 
number of trucks operating was only 2 trucks and every truck 
would serve 4 – 5 trips per day, and total work time is 7 – 8 hours 
per day. 
However the determination of route and trip is not only 
dependent on mathematical calculations, there are many other 
factors such as actual time of waste loading and unloading in 
TPS, and trip is dependent on the type of day and time of loading 
activity [15]. Also there is an economic and political influence [16]. 
 
CONLUSION 
1.  The new route for waste transportation fro 39 TPSs in 
Southern Bandung to SPA Gedebage can be travelled on an 
average of 28.92 km with 3 to 8 TPSs service daily. 
2.  The average trip time was 95.71 km. 
3.   For working hours of 8 hours, it was only need 2 trucks of 10 
m3 capacity daily.  
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Truck#1 Truck#2 Truck#3 Truck#4 Truck#5 Truck#6 Truck#7 Truck#8 Truck#9
Total route TPSs (m) 6,320 9,300 6,080 8,490 8,610 6,050 10,380 5,200 8,400
Total route TPSs (min) 19 28 18 25 26 18 31 16 25
Last TPS to SPA (m) 11,100 13,000 10,800 13,900 10,400 9,900 12,900 12,700 11,800
Last TPS to SPA (min) 33 39 32 42 31 30 39 38 35
SPA to Pool (m) 9,500 9,500 9,500 9,500 9,500 9,500 9,500 9,500 9,500
SPA to Pool (min) 29 29 29 29 29 29 29 29 29
Time spent in SPA (min) 8 8 8 8 8 8 8 8 8
Total per trip (m) 26,920 31,800 26,380 31,890 28,510 25,450 32,780 27,400 29,700
Total time per trip (min) 88.76 103.40 87.14 103.67 93.53 84.35 106.34 90.20 97.10
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Model Policy of Renewable Energy Resources of Waste Oil Palm 
Biomass In Sumatera Utara  
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Abstract: Indonesia actually has the potential of renewable energy amounting to 311 232 MW, but only about 22% utilized. Indonesian 
society lulled by fuel prices are cheap, so remember to utilize and develop alternative energy sources that can be renewed. 
Renewable energy sources include hydropower comes from (hydro), geothermal, solar, wind energy, and biomass. 
Renewable great energy potential and is not used much energy from biomass waste. Biomass energy potential of 50 000 MW of the 
320 MW that have been used or only 0.64% of the existing potentials. The potential of biomass in Indonesia comes from by products 
of oil, rice milling, wood, polywood, sugar mills, cocoa, and other agricultural industrial waste. Indonesia has great potential to utilize 
by-products of oil as a source of renewable energy. Indonesian palm oil is one commodity that is experiencing rapid growth.  
Currently, Indonesia began to develop renewable energy and is expected to accelerate the industrial development of renewable 
energy, including biomass technologies. Despite the major overhaul of the structure of the market under the new scheme, it remains 
questionable sustainability of oil palm biomass which is connected with the downstream component / downstream renewable energy 
industry. Therefore, the purpose of this study to investigate and analyze the market response to the six issues related to sustainability, 
namely, the sustainability of resource availability, conversion technologies, network system main challenges and obstacles and 
awareness campaigns. Qualitative research methods (Policymaker) and quantitative methods (Pilot Test Industry) to distribute 
questionnaires to all producers of palm oil. questionnaires were returned and analyzed with statistical tools and the conclusions to 
identify gaps in existing policy systems. 
Keywords: Resources Renewable Energy, Biomass Waste oil palm, Sustainability.      1 
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1. INTRODUCTION 
The increase in fuel prices in the country occurred in almost 
every Indonesian government. Discourse high world crude oil 
prices and a major reason for the increase in fuel prices in the 
country in order to save the country's financial condition. World oil 
prices in mid-2008 was the highest oil prices in history is 146.69 
US dollars. High oil prices have led over the energy by making 
use of food ingredients such as corn, palm oil and soy for fuel. As 
a result, developing countries including Indonesia have difficulty 
food inevitable. Indonesia, which so far has the natural resources 
abundant must now be questioned again. At least natural 
resources such as petroleum diekspoloitasi-out have shown that 
the unborn are increasingly depleted. The findings of a recent 
show the total inventory of Indonesian oil of 5.2 billion barrels and 
4.6 billion barrels of oil potential. If the average production was at 
0.54 million barrels per year, then the ratio obtained between the 
supply and production is 18 (Abdullah, 2005, 120). This means 
that in the next 18 years, Indonesia's oil supplies would run out. 
Indonesia's oil wealth is no longer a major source of state 
revenue. Since 1996, Indonesia's oil production decreased as 
well as oil-producing countries more.  
One to reduce the use of fossil fuels in industrial and motor 
vehicles. The fossil fuels include fuel oil (BBM) and coal replaced 
with environmentally friendly fuels such as gas, geothermal, 
biomass, biodiesel, micro-hydro, fuel cells, solar cells and 
nuclear. Palm Kernel Shell is the result of the management of 
solid waste palm oil could be one of the potential of biomass to 
generate energy. Asia is a supplier of 79% of fresh fruit bunches 
(FFB) of palm oil production in the world total. Where 95% of the 
total supply generated by the Asian countries of Malaysia and 
Indonesia. In 2000, world sugar fruit production is 94 million 
tonnes of which 43% - 45% of the solid waste fibers, shell and 
empty fruit bunches. Indonesia as the largest palm oil producer 
after Malaysia produces 8.2 million tons per year of solid waste in 
the form of fibers, shells and empty fruit bunches which is 
equivalent to the energy that can be generated by 67 GJ / year 
(The Bronzoek Group, 1999 in Vidian, F., 2009), Biomass has 
long been used by humans as a source of fuel have long before 
the primary fuel such as coal and oil are widely used by humans. 
The use of coal as the primary fuel starting from the 19th century, 
or since the advent of the industrial revolution in England. While 
petroleum began to be used as the primary fuel that replaces coal 
started in the 1920s. Coal and petroleum is the fuel that is not 
renewable (non-renewable) that took millions of years to reshape 
them, are polluting the environment with greenhouse effect, 
continuity of supply is not guaranteed, and is not sustainable 
(non-sustanable). Uncontrolled energy use now cause damage to 
the environment due to the emission of exhaust gases produced. 
The big challenge facing the world today is energy supply as a 
result of demand caused by the progressive growth and 
development. there is also, high energy prices in several years 
terakhi. To meet the high demand for energy is indeed a problem 
with the continued attention that comes from fossil fuels, and the 
effect of burning fossil fuels on the environment. 
Indonesia's national energy policy aimed at efficiency and 
securing a sustainable energy supply for safeguarding the 
environment and utilities to clean energy and efficient. Since 
1980, energy is a primary requirement of petroleum products 
followed by electricity, natural gas, coal and charcoal. As shown 
in the figure in 2007, total demand for energy reached more than 
1,600 petajoules. With the percentage of oil sharing that dropped 
to about 60 percent, while coal and coke increased by about 4 
percent, it being in line with the national energy policy. Energy 
needs which occurred at the end of 2007 is 1,852 is not even 
true, and this is an increase of 9.8 percent compared to the worth 
of demand in 2006. Although there was a trend rising energy 
demand, resulting from the positive projection of economic 
growth. Governments must ensure that fuel diversification policy 
activities and undertaken to reduce overdependence on oil and 
Indonesia as the main source of energy. This policy became the 
main focus in order to secure a smooth supply of energy for the 
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country. Four sources of energy used are oil, gas, coal and water.  
The use of biomass to oil palm increased energy efficiency as 
obtained from oil palm plantations. For every kg of crude palm oil, 
about 4 kg of dry produced from biomass. about one-third of 
waste were found to originate in TBS, while the others are 
represented by two-thirds of the stem and leaf material. On the 
basis of energy, palm oil representing approximately one-third of 
the biomass produced, because only about twice the heating 
value of dry matter palm rest. Therefore, approximately 2 kg of 
base oil. Based on projected production in 2005, approximately 
30 million metric tons or the equivalent of oil palm biomass 
crushing dry or non-material provided theoretically. Therefore, for 
the production of energy from oil palm plantations Indonesia or in 
other words, almost half of the total primary energy demand in 
2004 .Only a fraction of this potential is used and highly 
inefficient. Open burning is still too general and restricted by 
limited manpower, logistics, and concerns about oil palm pest 
eradication. 
Fossil fuel consumption worldwide has increased 
significantly, resulting in a shortage of energy resources, 
increasing energy prices and the increasing amount of pollutants 
released into the environment. For this purpose it is necessary to 
do research to develop alternative energy sources is crucial to the 
future of mitigating the energy crisis and reduce the negative 
impacts of environmental pollution. One popular class of 
alternative sources of energy is a renewable energy source. In 
particular, in Indonesia, renewable energy is available in the form 
of solar, hydroelectric, geothermal, wind and biomass energy, 
especially oil palm waste.   
In the processing of fresh fruit bunches (FFB) into palm oil 
production scrap will be generated in the form of solid and liquid 
waste (Sastrosaryono, 2003). In the process of production of 
palm oil, a lot of waste generated from production at the plant 
itself (Kiichiro Hayashi, 2007). Each ton of fresh fruit bunches 
(FFB) processed at the plant will produce 220 kg of oil palm 
empty fruit bunches (EFB), 670 kg of liquid waste, fiber 120 kg, 
70 kg of shells, and 30 kg of kernels (Naibaho, 1995). Therefore, 
it can not be denied that the effect of the rapid development of the 
production of crude palm oil is certainly their production waste, 
namely palm oil effluent (POME), oil palm empty fruit bunches, 
shells, and fiber. Some wastes such as shells and fiber has been 
used as fuel. However, liquid waste palm oil and palm empty fruit 
bunches can not be handled optimally. Although not poisonous, 
the liquid waste could cause environmental disaster due to 
dumped in an open and release large amounts of methane and 
other harmful gases that cause greenhouse gas emissions. 
Based on the explanation of the background, then formulated 
a solution to the problem of how the policy of waste biomass 
sustainable palm so that in the future are still available resources, 
how well the technology conversion assessment of performance 
and energy efficiency in the processing of palm oil in terms of 
generating waste 
2. EXPERIMENTAL DETAILS 
2.1. Place and Time Research 
The study was conducted in several palm oil mills (business / 
management), universities and the academic, public and non-
governmental organizations, local governments. The study was 
conducted for about 6 months in 2016. 
2.2. Personality Research. 
This research is a descriptive study which is a type of 
research that aims to explain the findings practical for decision 
making. Descriptive study using data collected by interview 
supported by your interview. 
 
2.3. Object of research 
The object of research is the production of biomass waste 
palm oil mill located in North Sumatra. 
 
2.4. Research governance 
The lines of inquiry to be carried out can be seen in Figure 
2.1. 
Stage 1. Literature Search 
to find studies that are associated with increased sustainability 
of the palm oil industry through the identification / search of 
biomass waste from the production of MCC 
Phase 2. Data Collection 
The data collection is done with qualitative and quantitative 
approaches. A qualitative approach by doing indept interview the 
parties related to the oil palm biomass waste. A quantitative 
approach to get the model policy to investigate and analyze the 
market response to the six issues related to sustainability, 
namely, the sustainability of resource availability, conversion 
technologies, network system, the main challenges and obstacles 
as well as awareness campaigns. 
Including secondary data from the Central Statistics Agency 
(BPS), the Ministry of Agriculture, Ministry of Plantation and 
PTPN II, IV and other private plantation. 
Phase 3. Conducting Survey 
The survey questionnaire to collect data related to biomass 
wastes, resource availability, conversion technologies, network 
system, the main challenges and obstacles. 
Stage 4. Preliminary Findings 
Doing attestation that biomass waste and the availability of 
resources, challenges and obstacles that there was appropriate 
Stage 5. Data Analysis 
After obtaining the preliminary findings of stakeholder input 
and then analyzes the results of data processing is done 
Stage 6. Conclusion 
Assessing whether the objectives of the work done has 
been fulfilled. 
3. RESULT AND DISCUSSIONS 
Sustainability of economic. 
The major plantation developers, which dominate the biomass 
energy market hold full control over their reserves, thus offering 
flexibility to these main players to utilise the feedstock according 
to their business strategies. Based on the demographic profiles of 
returned questionnaires, 60% respondents  were from mills 
affiliated to the major developers. This is consistent with the 
current market structure and analysis of the frequency count 
where 60% of respondents were utilising wastes from their own 
plantation. Even though the market appraisal indicated sufficient 
biomass reserves in the field, over 58% of the power producers 
claimed that fuel security and price inflation were amongst the 
main barriers that need to be removed (Fig. 2).  
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Fig. 2. Irregular biomass supply and price inflation hinder new 
entries. 
The survey results revealed that 69% of the respondents 
opted to sell their excess biomass fuel, especially to foreign 
traders who can pay a high price (Fig. 3).  
Fig. 3. Trading of feedstock to a third party. 
Cross-tabulation analysis indicated that about 63% of 
respondents believed that a profitable return from foreign 
exchange and low business risk were pulling factors towards 
trading their waste to third parties rather than being involved in 
energy production. To investigate the industry willingness to 
purchase agro-crop residues for power generation purposes, 
several questions were asked of the respondents. Except for 1 
participant (1.2%) who expressed his commitment to purchase 
biomass wastes from other estates for electricity generation in his 
plant, more than 90% expressed their unwillingness to do so. 
Approximately 84% of respondents demanded government 
intervention, either to mediate or eliminate long standing supply 
issues that were impeding the growth of the industry. Fig. 4 
presents the percentage amount of wastes that were used for 
purposes other than producing electricity.  
 
Fig. 4. Utilisation of biomass for purposes other than electricity 
generation 
In response to a question about an innovative strategy to 
overcome the supply issue while preventing fuel price 
speculation, more than 76% of survey participants (48% agreed 
and 28% strongly agreed) suggested the inclusion of a biomass 
collection hub in the downstream support system. 
Sustainability of conversion technology  
The survey data indicated that 77% of the palm oil plants were 
running with combustion engines, CHP (combined heat and 
power) systems or a combination of both technologies while only 
5% were using gasification technology. This is consistent with a 
study who found that the majority of plants were operating with 
these technologies. In terms of the age of technology installed, as 
shown in Fig. 5, 
Fig. 5. Age of biomass conversion technology installed at the existing 
mills 
 about 67% of the existing plants were equipped with 
conversion technology that was more than 10 years old and might 
not conform to current best practice. It is also likely to be less 
efficient than modern technology. It is noticeable that most of the 
respondents were reluctant to switch to a more efficient system. 
Over half of the respondents chose to continue using their 
existing boiler system regardless of its efficiency, while only 26% 
disagreed. The percentage of respondents versus estimated 
technology efficiency at the existing mills is shown in Fig. 6.  
Fig. 6. Estimated technological efficiency of the existing mills 
The survey results reflected the challenge in encouraging 
technology change within the palm oil industry, particularly due to 
their tendency to run the current system without considering its 
durability and energy conversion efficiency. Thirdly, 53% of 
respondents considered biomass conversion technology as a 
capital intensive investment. In this regard, acquisition of a low 
carbon technology exposes them to a business risk because of 
the long payback period, while some of others claimed that 
renewable energy was not a profitable business. For years these 
palm oil enterprises have regarded the energy portfolio as a 
secondary interest and focussed on edible oil production as their 
core business. This is true and was supported by 58% of the 
respondents. In other words, the palm oil millers had less interest 
in embarking on a renewable energy venture and preferred to 
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concentrate more on their traditional business. Also, 53% of 
biomass energy producers claimed that they had a low financial 
capability to participate in such a high cost project. 
For a start, more attention could be given to encourage over 
35% of market respondents who were operating plants that were 
older than 20 years and mill operators with boiler systems below 
40% efficiency to switch their obsolete installations to modern 
ones. Fig. 7 shows the percentage of mills with their years of 
operation. 
Fig. 7. Ages of the mills’ surveyed 
Sustainability of the network systems 
The renewable energy targets from oil palm resources cannot 
be achieved if the excess power available in the mills is not 
sufficient to feed into the grid. Thus, this survey attempted to 
investigate the average amount of electricity that was used in 
every plant for onsite operations. As shown in Fig. 8, the survey 
findings indicated that about 83% of market respondents (35% 
agreed and 48% strongly agreed) were utilising two-thirds of their 
biomass energy resources for self consumption and only 8.3% 
were exporting a surplus to the grid.  
Fig. 8. Biomass energy used for self-consumption. 
The same outcome was reported whereby electricity 
generated by most of the palm oil plants was used to power their 
own operations, with just enough surplus to supply the 
surrounding areas  Apart from the inefficient conversion 
technology problem that led to lower energy production in the 
respective mills, the minimal export of electricity could also be 
explained by the lack of grid transmission lines connecting mills to 
the existing network systems. This was one of the barriers that 
caused 53% of respondents (45.9% agreed and 7.1% strongly 
agreed) to resist investing in grid infrastructure. Above 55% of 
respondents stated they would enter the renewable energy 
business if the infrastructure cost was borne either by the 
government or the energy utility. Without an attractive networking 
scheme, it is clearly an uphill task to increase grid connected 
capacity because the demographic profile indicates that 63% of 
the active palm oil plants are located more than 10 km from the 
nearest grid connection point. To be précise, 27% of the plants 
were situated between 11 and 20 km, 7% (21-30 km), 8% (31-40 
km) and 23% (above 40 km) away from the electricity network 
systems (Fig. 9).  
Fig. 9. Distance of mills from the nearest grid connection point 
 
Key challenges and barriers 
On the questions about challenges in implementing the 
biomass renewable energy business, most (68%) of respondents 
(58% agreed and 10% strongly agreed) pointed to irregular 
biomass supply, unattractive electricity tariffs and high capital 
outlay as the top ranked barriers that limited their participation in 
the industry  
Awareness campaign 
After more than a decade on-stream, it has been observed 
that the previous renewable energy policy system has failed to 
raise the level of awareness amongst the industry players of the 
initiatives and opportunities available under the scheme. The 
empirical data revealed that over 68% of participants (58% 
agreed and 10% strongly agreed) attributed this lack of 
information about the renewables program to the inadequate 
promotional campaign 
The survey results found that 58% of participants remained 
unclear about the benefits of renewable energy programs, which 
ultimately influenced their decision about participation in the 
industry. The respondents argued that it was a difficult time for 
them to change from their traditional way of disseminating the 
information. To address this issue, many comments suggested 
the government should conduct more training, forums and 
seminars for members of the industry. At the same time, it was a 
necessity to assign knowledgeable and articulate government 
personnel to educate small energy providers on the potential of 
oil palm biomass for renewable energy production. Despite these 
criticisms,  
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Measuring Soil Recovery after Coal Minesite Rehabilitation in South 
Sumatra 
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Abstract: Soil  recovery in minesites is a complex process and needs various methods to measure the progress. This study integrated 
static closed-chamber technique together with several soil variables. Soil respiration used 20 ml of 0.25 M KOH and measured with a 
portable EC-meter. Land reclamation was located in Banko Barat, Tanjung Enim, South Sumatra, which has been revegetated in 
1997, 2000, 2007 and 2013. Revegetation patterns have remained relatively the same. Types of plants are generally Acacia, 
Eucalyptus, Albizia with some local species including mahogany. Post-mining land showed a trend to improve with age reclamation by 
soil respiration rate. The old location (1997) has a hourly rate of 500 mg CO2/m2. A warmer temperature may lead to higher hourly rate 
in recently planted 2013 site (680 mg CO2/m2). Soil organic carbon increased significantly (5.41 ± 3.64 %) while soil pH was still acidic 
(3.61 ± 0.42). Soil recovery may be related to increasing soil respiration, organic carbon, and soil pH. Plant selection is important to 
ensure future success of site rehabilitation. 
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1. INTRODUCTION 
Minesite rehabilitation creates a new environment that in turn 
will serve as a nieche for returning habitants. However, the way to 
achieve such conditions is not easy. Many factors get involved to 
ensure its future successful  story.  Local experience and 
knowledge also determine the continuity of rehabilitated 
ecosystems. Most commonly used is replanting the mined land 
with various plant species, particularly those indigenous to the 
locality.  Planted trees are expected to return soil biomass that 
subsequently beneficial for soil biota.  Therefore, measuring 
changes in soil surface may be utilised as a surrogate to 
measuring the developmet of soil ecology in minesites. 
One of the key measurement is in-situ soil respiration. In 
general soil respiration is the process of evolution of CO2 from 
the soil into the atmosphere, mainly generated by micro-
organisms in the soil and plant roots. This is influenced not only 
by biological factors (vegetation, micro-organisms, etc.) and 
environmental factors (temperature, humidity, pH, etc.), but also 
more powerful by man-made factors. Reference [1] examined the 
relationship between soil respiration with the latitude and 
temperature using the measured data of forest vegetation in 
different parts of the world. Soil respiration rate decreases in 
exponential with increasing latitude while increases with 
increasing temperature. The relationship between soil respiration 
and temperature, the Q10 (Van Hoff law) was 1.57 on a global 
scale. 
Respiration measurement for in-situ is often translated as 
CO2 flux. Respiration can be attributed to soil health status. The 
rate of soil respiration can be measured in static and dynamic 
system. Sophisticated measurement techniques generally use 
infrared gas analyzer (IRGA). This technique is still relatively 
expensive.  
Revegetation of disturbed sites using a mixture of a large 
number of plant species is a common practice.  Plant species for 
site rehabilitation may be indigenous to the locality or introduced, 
as for example the rehabilitation of a gold mine spoil [2], bauxite 
mines [3,4],  and a lignite mine [5]. Various cultural practices are 
usually employed.   
In contrast, natural (spontaneous) rehabilitation may also 
provide quite satisfactory remediation of disturbed sites although 
establishment of plant cover by this method may take a 
considerably longer period and outcomes may not be easily 
predicted due to exposure to risk of failure during the long slow 
development [6].  Reference [7] reviewed disturbed sites around 
the world and found that natural rehabilitation induces a more 
stable landscape, owing partly to less compaction by machinery 
and provides more favorable niches for species diversity on 
abandoned sites. 
Another issue in minesites rehabilitation is how to monitor 
progress.  Procedures to be used in monitoring should be 
practical, quick, unambiguous, and repetitive. Landscape 
Function Analysis (LFA) technique was originally developed the 
for rangelands in Australia [8], but now it has been revised for use 
on minesites [9].  Although the analysis is quite reliable, examples 
of its application to minesites are still limited, and more fieldwork 
is required to validate the technique. 
Soil development on disturbed sites is often initiated by 
surface stabilization which is partly due to binding of soil particles 
by fine roots of annual species, together with growth of lichens 
and mosses which may lead to biocrust (cryptogam) formation.  
Protection against rain-splash erosion is necessary to minimize 
losses of soil particles, nutrients, viable seeds and water. The 
protection may come from rock fragment, logs and branches, or 
low shrubs and perennial grasses (i.e. less than 0.5 m height).   
Soil conditions on disturbed sites change with time at a 
variable rate. The improvement of conditions can be expressed 
by a substantial increase in the nutrient pool (e.g. total nitrogen, 
available phosphorus), or by other soil indicators. Changes in 
these soil properties can be related to soil surface and landscape 
attributes.  Therefore, an assessment of soil surface conditions is 
an important step in describing the extent of soil recovery that 
might have occurred at disturbed sites. Various methods have 
been developed as tools for assessing ecosystem recovery and 
soil conditions after disturbance.  Various parameters are used by 
each method as indicators of soil and habitat recovery including 
ants [10], avifauna [11], amphibians and invertebrates [12], and 
soil surface conditions [8].  Despite a wide range of parameters 
used in the analysis, interpretation and prediction of site 
evolution, the common ground is to assess whether the present 
landscape condition is progressing toward a sustainable 
ecosystem. Re-establishment of a sustainable ecosystem needs 
vegetative diversity and productivity that are suitable for the 
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prescribed final use.  This requirement is equally applicable for 
mine site and agricultural land. 
This research focused on the development of soil-based 
indicator to measure soil recovery in coal mine sites after several 
years of reclamation and revegetation. 
2. EXPERIMENTAL DETAILS 
A. Research Site 
The research was conducted at coal post-mining land in 
Banko Barat site of Tanjung Enim mining concession (operated 
by PT Tambang Bukit Asam Tbk) in 2014, and continues in 2016. 
The reclamation sites included the planting year of 1997, 2000, 
2007 and 2013.  These sites had been prepared in slightly 
different ways. The old sites of 1997 and 2000 were planted with 
mixed local  tree species including sengon (Albizia chinensis), 
laban (Vitex pubescens), pulai (Alstonia scholaris), trembesi 
(Samanea saman), Acacia mangium, and merbau (Instia 
palembanica). The 2007 site is typically planted with kayu putih 
(Melaleuca leucadendra). While in the newest site of 2013 the 
common species is sengon buto (Enterolobium cyclocarpum) 
B. Soil Respiration Measurement 
The basic research protocol is as follows. The ground 
condition is graded qualitatively especially litter or organic matter 
content.  Transect lines are established and soils surface 
condition are observe and recorded following the procedure of 
landscape function analysis [8].  
Main outcomes include the amount of CO2 captured in a 
solution of 0.25 M KOH (as absorbent) after incubation for several 
hours. The solution is measured for salinity using EC meters 
previously standardised. The method was adopted from [13], a 
technique called inverted box. 
In each area to be studied some ground conditions are chosen 
to estimate the range of soil conditions. The initial assessment 
includes litter cover (organic matter), plant conditions, and soil 
development.  Furthermore inverted chamber (in the form of ring 
diameter 20 cm) mounted on the ground, inserted 3-4 cm into the 
soils. Plastic vials are placed in the chamber then filled up with 20 
ml of 0.25 M KOH solution. Ring is then closed, and the time is 
recorded. After several hours the closed ring is opened, KOH 
solution is transferred into a container (tube) and directly 
measured for salinity (EC) with portable EC meter that has been 
calibrated previously. 
The rate of soil respiration was estimated by measuring the 
electrical conductivity (EC) of alkali solution. The measurement 
results are calibrated using a curve EC that also read newly 
created KOH solution and saturated KOH CO2. For a ring with 
diameter of 20 cm and 20 ml of 0.25 M KOH, soil respiration can 
be calculated by the following (1) (modified from [9]. 
ܴܽݐ݁ ൌ ଵଵ଴ሺ௫మି௫ሻ௫మି௫భ ݔ
ଵ଴଴଴଴
ଷଵସ ݔ
ଵ
௧         (1) 
Where  
Rate of respiration in mg CO2/m2/hour; x = sample EC (mS/cm), 
x1 = EC of CO2-saturated  KOH, x2 = EC of fresh KOH, t = time of 
measurement (hour) 
C. Soil Sample Analysis 
Five soil samples were also collected from individual sites in 
conjunction with soil respiration. We analysed for soil pH (glass 
electrode, 1:2.5 solution), soil organic carbon (wet destruction 
following Walkley-Black method), and soil bulk density (ring and 
gravimetric method). 
In addition, aseptic soil samples were also collected and later 
analysed for total soil microbes. One gram of soil sample wwas 
diluted in 99 ml of aquadest, later diluted several time as required 
in nutrient agar, and finally the formed colony was counted.  
3. RESULTS AND DISCUSSION 
A. Soil Properties 
Organic carbon content from surface soil of the research sites 
increases with time of revegetation (Table I). Litter fall from higher 
trees has contributed to significant increase in soil organic carbon 
(SOC). In many cases of soil reclamation SOC  is a good and 
reliable indicator of soil recovery. For example, the study of soil 
recovery after gold mining in Kelian of East Kalimantan 
demonstrated a strong relation between SOC and soil index [14]. 
The increase of SOC is closely related to soil bulk density. The 
remaining acidic condition of all sites reflects the quality of 
returned waste materials for land rehabilitation. 
TABLE I.  SELECTED SOIL PROPERTIES OF COAL MINE SITES 
Reclamation 
site Soil pH 
Organic carbon 
(g/kg) 
Bulk density 
(g/cm3)
1997 3.28 65.3 0.88 
2000 3.53 35.6 1.21 
2007 4.00 41.5 1.14 
2013 3.64 9.0 1.45 
 
B. Soil Microbe and Respiration 
Revegetation induced a significant increase in total soil 
microbes (Tabel II).  In this case, the microbes are distinguished 
between bacteria and fungi.  The higher respiration rate for the 
newly planted is more likely induced by warmer temperature due 
to less plant canopy.  Assuming soil respiration is mainly 
produced by soil microbes, the high value of measurement for 
short time (1-2 hours) in 2013 site is believed due to higher soil 
temperature, 
TABLE II. SOIL MICROBES AND RESPIRATION OF COAL MINE SITES 
Reclamation site Total soil microbes 
(cfu/gram) 
Respration rate (mg 
CO2/m2/hour) 
1997 7.73E+11 505 
2000 3.24E+11 477 
2007 3.06E+11 488 
2013 2.41E+11 769 
Fig.1. Respiration rate with time representing four sites 
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Soil respiration rate on each of reclaimed land has a common 
pattern. However, the trends are slightly different (Fig.1). 
Surprisingly, the newly planted site in 2013 produced an active 
respiration, while for the older sites the trends are slowing down. 
Many environmental factors influence soil respiration.  Soil 
respiration may be treated as CO2 flux. It is generally divided into 
autotrophic and heterotrophic respiration.  The autotrophic 
example is the respiration of roots and soil microbes being closely 
associated with the rate of photosynthesis. While CO2 in 
heterotrophic respiration is derived from the metabolism of soil 
microorganisms and soil fauna. Heterotrophic respiration is the 
process of respiration closely linked with changes in temperature 
[15]. 
4. CONCLUSION 
Soil recovery in coal mine sites is considerably satisfactory 
with time of reclamation.  There is significant increase in soil 
organic carbon and total soil microbe. This improving condition 
however is not followed by reducing of soil acidity. Long-term 
changes is anticipated by soil resiration data. Plant species 
selection and site prepartion should be reviewed regularly  to 
ensure the achievement of sustainability threshold.   
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Abstract: An effective urban water supply system needs to address the problems due to the population growth. Integrated Urban 
Water Supply System (IUWSS) is an alternative water supply system (WSS) that combines all components of the infrastructure such as 
waste water systems and the drainage system to get a more efficient and effective system. In this paper, we propose an IUWSS for 
Bandung City, Indonesia as a case of study. In the integration and optimization of the IUWSS, we include raw water sources and 
recycled waste water for the various categories of needs aiming at reducing the processing cost of water sources and the use of 
groundwater. The proposed scenario is used as the basis for building a mathematical model for the integration and optimization of 
IUWSS.  The proposed scenario begins with the preparation of the existing Bandung WSS scheme, and then applies the concept of 
IUWSS. The main contribution of this paper is the developed superstructure model equations for Bandung city, where the model will be 
used for the optimization of its IUWSS. By employing these superstructure models, the optimization has been carried out to determine 
the optimal cost of raw water supply for two scenarios using GAMS software. 
Keywords:  Integrated Urban Water Supply Systems; superstructure model; optimization 
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1. INTRODUCTION 
The main problems in the Water Supply System (WSS) are 
scarcity of raw water and increasing of groundwater consumption 
as a source of raw water for domestic use and industry. 
Groundwater is a non-renewable source of water that needs to be 
protected. The high consumption of groundwater has resulted in a 
decrease in water level, and gradually caused a land subsidence 
due to its continuing impact. 
On the other hand, there is a potential of treated wastewater 
and rainwater as an untapped alternative of raw water. Integrated 
Urban Water Supply System (IUWSS) combines all components 
of water infrastructure related to water supply, drainage, and 
waste water system into a system for efficiency and effectiveness 
of water management [1].  The aim of this study is to optimize the 
potential usage of raw water sources in the city through IUWSS 
concept by minimizing the cost of raw water treatment and the 
use of groundwater as a non-renewable source. Reuse of 
wastewater in a series of IUWSS will support sustainable water 
management [2]. The difference between the IUWSS and the 
conventional WSS is on the reuse of processed wastewater as an 
alternative raw water, whereas for the conventional WSS the 
processed wastewater is directly discharged into water bodies 
(Fig.1).  
 
Fig. 1. a. Conventional WSS; b. IUWSS [2]. 
wr = water resources, wds = water demand system,  
wwtp = waste water treatment plant, dis = discharge 
The conventional urban WSS consists of water resources, 
water treatment system in accordance with the allocation, and the 
wastewater treatment plant, where the treated water from the 
waste water treatment system is subsequently dumped into water 
bodies. Integrated Urban Water Supply System (IUWSS), on the 
other hand, combines all components of water infrastructure 
related to water supply, drainage, and waste water system into a 
system for efficiency and effectiveness of water management [1].  
The water resource allocation has focused mainly on attaining 
quantitative goals in water supply. In an ideal situation, water 
resources with high water quality would have been allocated for 
drinking water improving human health and hygiene, and then 
water resources with relatively low quality can be allocated to 
industrial and agricultural uses [2]. Reuse of wastewater in a 
series of urban water systems into an integrated system will 
support sustainable water management system [2]. 
Water Supply System Optimization 
There are several studies on urban WSS optimization 
employing various methods. For example, optimization of the 
urban water system reliability was done with the method of 
valuation and contingency [3]. Reliability is an important element 
of an urban water system. Reliability in this case is the reliability 
in the availability of water supply. With a small cost, customers 
expect to get a high reliability. Urban WSS now starts considering 
the level of risk for each of the different types of water use, for 
example high reliability WSS for essential usages related to public 
health, and the lower level to fulfillment of watering the garden. 
Decentralized WSS is more economical than a centralized 
system [4],[2]. Optimization study was also conducted on water 
quality criteria to guide the planning and management of 
decentralized WSS [5]. This study introduced a method to assess 
the potential in planning the composition of optimum quality 
drinking water using membrane desalination and re-
mineralization. Using this method, the modeling of mixing various 
water sources with different quality has been applied. 
One of the most commonly used mathematical optimization 
method is through the usage of superstructure model leading to a 
water source conservation network. This approach includes direct 
reuse / recycle and material regeneration [6]. The mathematical 
model can also be extended to involve limiting factors, such as 
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forbidden connections, the reduction of pipe connections, and 
cost considerations. 
Superstructure models align with the concept of Integrated 
Urban Water Supply System. This model combines all the 
components of the urban water infrastructure, which includes the 
components of water resources, water demand systems, and 
waste water treatment plant [2]. The advantage of the 
superstructure approach is flexibility in combining various process 
constraints. These constraints can be due to the accumulation of 
contaminants (for local recycling) or geographic factors (distance 
between the source and the service area is too far away). 
Water resources include the rivers, other surface water, and 
groundwater, whereas water demand systems are for all 
purposes including the water services. Waste water treatment 
system serves urban domestic waste and industrial waste. 
Superstructure model aims to taking advantage of all the 
opportunities of water resources and also applies the concept of 
recycling waste water.  
The superstructure model developed based on the earlier 
research, but this research focussed on minimizing the cost for 
supplying raw water for drinking water system. 
The developed model includes: 
x The objective function, to minimize the cost of raw water supply 
x Mass Balance to show the interconnection scheme for the 
superstructure models 
x The constraints to represent the real conditions. For example, 
the constraints in keeping the interconnection of the Wastewater 
Treatment Plant (WWTP) to Water Demand System (WDS) 
used for drinking water, and in minimizing the use of 
groundwater as a non-renewable source. 
2. METHODOLOGY 
The optimization model is the superstructure models. The 
development of the models begins with the preparation of a WSS 
scheme based on the mapping results of the existing conditions. 
The mapping of the existing conditions would be the basis for 
developing scenarios of the development of WSS and IUWSS. 
Then, the compiled equations of superstructure models are 
obtained according to the scenarios created by the equations that 
have been developed in the literature. 
The selection of Bandung city as a case study is justified 
because the WSS issues relating to the condition of the raw water 
availability and performance of WSS occurs in the Bandung city- 
Indonesia.  Furthermore, Bandung city as a city in Indonesia can 
represent the characteristics of cities in tropical and developing 
countries that have specific parameters in WSS. The location of 
the study area can be seen in Figure 2. 
 
 
Fig. 2. Administrative Boundary Map of Bandung City, Indonesia [7]. 
CASE STUDY 
Perusahaan Daerah Air Minum (PDAM) is a regional water 
company which is responsible for managing the water supply 
system of a city or districts in Indonesia. Water needs in Bandung 
city is calculated based on the projected population increasing up 
to 20 years with the water needs per person per day is 150 
L/p/day [8]. A current population of 3.1 million people with a 
growth rate of 2.1 with the main water needs for domestic needs. 
[9] Projected population growth is calculated using the arithmetic 
method, resulting in that the population of Bandung city in the 
year 2025 is 3.7 million with the water needs of 6800 L/sec [9]. 
Clean water needs from year to year increase due to population 
growth, technological progress and improving the local economy.  
Discharge treated raw water until 2015, only amounted to 
2937 L/sec which is relatively fixed, while the raw water coming 
from groundwater and water springs are declining [9]. 
3. RESULTS AND DISCUSSION 
Scheme of Superstructure Model 
The scheme of superstructure models is created to derive the 
mass balance equations and other equations involving the 
determined limiting factors. In this study, the superstructure 
models for Bandung WSS will be made up of 2 (two) schemes, 
where the first one is a scheme of the existing condition and the 
second is a schematic plan of scenario system that implements 
the concept of integrated WSS. 
In the existing scheme, as seen in Figure 3, the existing water 
resources consist of rivers, water springs, and ground water that 
flow into the existing Water Treatment Plant (WTP) to serve 
system for water demand, both domestic and non-domestic. The 
effluent from the domestic portions are discharged into septic 
tanks, partly discharged to municipal sewerage to be processed 
in WWTP Bojongsoang and the effluent of industrial waste water 
are discharged into WWTP Cisirung. The treated water in the 
existing condition of WWTP Bojongsoang is directly discharged 
into water bodies. 
From Figure 3, it is clear that the sources, systems, demands 
and waste water for the superstructure scheme of the existing 
condition of Bandung WSS can be explained as follows: 
 
 
 
Fig. 3. Existing condition of Bandung City WSS 
The scenario of  Bandung city IUWSS was created by adding 
the two new water resources namely Saguling reservoir and 
Ciwidey river into one new service system. The effluent from the 
domestic portions are discharged into septic tanks, partly 
discharged to municipal sewerage to be processed in WWTP 
Bojongsoang. The effluent from the non domestic portions are 
processed in WWTP Cisirung. This scenario also considers that 
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the treated waste water coming from WWTP Bojongsoang and 
WWTP Cisirung are directly distributed to the new WTP where 
the first one is to conduct advance treatment. The scenario can 
be seen at Figure 4. 
 
SS = Service System 
Fig. 4. Scenario of Bandung City IUWSS 
Superstructure Model Equations 
The model equations are derived from the superstructure scheme 
by Lim,et al., 2010 as shown in Equations (1) to (12). The 
diference with ours is on the objective function where we 
minimize the cost for raw water supply. The cost for raw water 
supply in this paper only considers the cost of raw water 
treatment. 
Formulation of optimization model for superstructure models such 
as the following: 
The objective function is to minimize the cost of raw water 
supply 
 
Minimize :    
୵୰୵ୢୱ ൌ σ σ 	୵୰ǡ୵ୢୱ
୨
୵ୢୱୀଵ
୧
୵୰ୀଵ ୵୰ (1) 
 
୵୰୵ୢୱ = Expense (cost) for raw water supply for all water water 
demand systems  
	୵୰ǡ୵ୢୱ = Capacity that flow to each water demand system from 
each water resources  
୵୰ = expence for supply every water resources  
wr = water resources with wr =1 to i 
wds = water demand system with wds =1 to j 
The objective function is an equation that involves all water 
resources used to meet the needs of the city. Based on the 
existing condition of WSS schemes at Bandung city, it can be 
seen that the water resources that serve WSS in Bandung include 
ten (10) water resources, namely Wr 1 to Wr10 and 9 (nine) 
service area, namely Wds1 to Wds9. The elaboration of the 
objective function to the existing condition of Bandung City  is as 
follows: 
 
Minimize   
 ୵୰୵ୢୱ ൌ σ σ 	୵୰ǡ୵ୢୱଽ୵ୢୱୀଵଵ଴୵୰ୀଵ ୵୰   
    
Material balance for the inlet sections of WTP systems 
Equations (3) represent the material balances for the inlet section 
of WTP systems. The model consists of the material balances for 
the debit from all water resources from within and outside the city 
including the treated water from the WWTP as an alternative of 
raw water.  Equation (3) can be interpreted that the discharge of 
all water resources will fill the entire water system, similar to that 
required by the entire water system. 
 
σ σ ۴ܟܚǡܟ܌ܛܒܟ܌ܛୀ૚ܑܟܚୀ૚ ൅ σ σ ۴ܟܟܜܘǡܟ܌ܛܖ܌ܔܟ܌ܛܖ܌ୀ૚ܓܟܟܜܘୀ૚ െ σ ۴ܟ܌ܛ
ܒ
ܟ܌ܛୀ૚  = 0 (2) 
 
Under the existing scheme of WSS Bandung city, it can be seen 
that the mass balance at the inlet of the water system can be 
further elaborated as:   
 
 
σ σ ۴ܟܚǡܟ܌ܛૢܟ܌ܛୀ૚ 
૚૙
ܟܚୀ૚ ൅σ σ ۴ܟܟܜܘǡܟ܌ܛܖ܌૟ܟ܌ܛܖ܌ୀ૚૛ܟܟܜܘୀ૚ െ
σ ۴ܟ܌ܛૢܟ܌ܛୀ૚ ൌ ૙  (3)   
  
 
Material balance for the outlet section of the wastewater 
treatment plant 
The mass balance explains that all the water coming out from the 
WWTP is the amount of water from the WWTP, which is 
distributed throughout the service system plus water discharged 
into water bodies. 
 
The material balance for the outlet section can be derived as 
follows:  
 
σ ۴ܟܟܜܘܓܟܟܜܘୀ૚ െσ σ ۴ܟܟܜܘǡܟ܌ܛܖ܌ܔܟ܌ܛܖ܌ୀ૚ܓܟܟܜܘୀ૚ െ ۴ܟܟܜܘǡ܌ܑܛ ൌ ૙  (4)  
Where: dis = discharge 
 
 
At the existing condition of Bandung city, the above equation 
becomes: 
 
σ ۴ܟܟܜܘ૛ܟܟܜܘୀ૚ െσ σ ۴ܟܟܜܘǡܟ܌ܛܖ܌૟ܟ܌ܛܖ܌ୀ૚૛ܟܟܜܘୀ૚ െ ۴ܟܟܜܘǡ܌ܑܛ ൌ ૙ (5)
The maximum debit constraints for the water sources are:  
σ σ ۴ܟܚǡܟ܌ܛܒܟ܌ܛୀ૚ܑܟܚୀ૚ െ σ ۴ܟܚܕ܉ܠ
ܒ
ܟܚୀ૚ ൑ ૙              (6) 
This maximum constraint represents the allocated water based on 
the relevant permit.  
 
Debit and concentration constraints of the water system 
needs.  
The constraints of discharge define the minimum discharge of the 
water system needs. 
 
ࡲ࢝ࢊ࢙࢓࢏࢔ ൑ ࡲ࢝ࢊ࢙  (7)
 
The maximum debit of wastewater treatment plant  
This maximum discharge from the WWTP indicates the limit of 
discharge that can be used from all WWTP to supply all the 
demands and to discharge.  
 
σ σ ۴ܟܟܜܘǡܟ܌ܛܖ܌ܔܟ܌ܛܖ܌ୀ૚ܓܟܟܜܘୀ૚ ൅ σ ۴ܟܟܜܘǡ܌ܑܛܓܟܟܜܘୀ૚ െ۴ܟܟܜܘܕ܉ܠ ൑ ૙   (8)
 
The constraint for preventing the interconnection of WWTP 
to the drinking water systems:  
 
σ σ ۴ܟܟܜܘǡܟ܌ܛ۲ܕܟ܌ܛ۲స૚ܓܟܟܜܘୀ૚ ൌ ૙  (9) 
Where WdsD is the water demand system for drinking water 
 
Understanding the above equation is as follows. There is no 
interconnection between WWTP system and service system 
designated as drinking water. At the existing systems of Bandung 
city, all service system is actually a system of services for various 
purposes including drinking water. In this case the service system 
is intended for drinking water which is assumed to have a source 
of water from springs and groundwater as indicated by the service 
system number seven, eight, and nine (wds7, wds8, wds9). 
 
  Wr1 : Cisangkuy-Badaksinga (1400 L/sec) 
 
 
  Wr2 : Cikapundung-Badaksinga (200 L/sec) 
 
  Wr3 : Cikapundung-IPA Dago Pakar (600 L/sec) 
 
 
  Wr4 : Cikapundung-MP Dago Pakar (40 L/sec) 
 
              Wr5 : Cibeureum-MP Cibeureum (40 L/sec) 
 
 
  Wr6 : Cirateun-MP Cirateun (5 L/sec) 
 
  Wr7 :Cipanjalu- MP Cipanjalu (20 L/sec) 
 
  W8 : Water springs I – Res. XI (150 L/sec) 
 
  Wr9 : Water springs II  (50 L/sec) 
 
  Wr10 : Ground water – WTP (221 L/sec) 
 
   Wr11 : SAGULING RESERVOIR – NEW WTP 
 
               Wr12 : CIWIDEY RIVER – WTP GEDEBAGE 
    (300 l/sec) 
 
Wds1 : Badaksinga SS 
Wds3 : WTP Dago Pakar SS 
Wds5 : MP Cibeureun/BPT-3 SS 
Wds6 : MP Cipanjalu SS 
Wds9 : Ground water  
SS 
Wds7 : Reservoir IX SS 
Wds2 : Reservoir XII SS 
Wds4 : MP Dago Pakar SS 
Wds8 : Water springs Pasir 
Impun SS 
WWTP 
Bojongsoang
WWTP 
Cisirung 
River 
Wds10 : NEW SERVICE 
SYSTEM 
Advanced 
treatment 
Septic tank 
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The constraint for preventing the use of non-renewable 
groundwater: 
σ σ ۴ܟܚ۱ǡܟ܌ܛ
ܒ
ܟ܌ܛି૚ 
ܖ
ܟܚ۱స૚ ൌ ૙  (10) 
Understanding the above equation is that there is no longer 
utilization of groundwater and spring water. 
The constraint for raw water treatment cost: 
୵୰୵ୢୱ ൑  (11) 
Where X is the price per m3 of raw water treatment 
The Completion of The Superstructure Model Scheme 
Based on these models, two superstructure scenarios for the 
integrated UWSS for Bandung city are developed. The first 
scenario does not use groundwater and water springs as water 
resources. It is a form of protection against groundwater and 
water springs, which are increasingly scarce. The second 
scenario is to use all of water resources including groundwater 
and water springs. Both scenarios can be seen in Figures 3.  
The completion of IUWSS superstructure scheme models for 
scenarios 1 and 2 is performed using software Gams 24.2.2 
r44857 realeased March 4, 2014. 
The optimization for scenarios 1 and 2 follow the scheme in 
Figure 3. Scenario 1 was done by assuming no use of 
groundwater and water springs (Wr8 to Wr10) throughout the 
service system as a form of protection against the use of 
groundwater and water springs. The second scenario was carried 
out by flowing around the water sources including the use of 
groundwater and water springs. 
Simulations were carried out using the parameters of raw water 
capacity (m3) and processing costs (IDR / m3). The capacity of all 
raw water resources used dummy data by assuming that the 
entire capacity of raw water far exceeded the total demand in the 
service system. Total capacity of raw water is 11,521 m3 to meet 
the whole service system of 7,000 m3. The processing cost was 
determined based on the type of raw water resource. The 
processing cost of the reuse treated water of WWTP was set at 
the highest, amounting to 7,000 IDR/m3, and the processing cost 
of water springs is set at a lower value, amounting to 1,000/m3. 
Based on the simulation results, it can be seen that the 
movement of the utilization of raw water from the raw water 
resource starts with the smallest processing costs, in this case, 
for Wr4,Wr5,Wr6,and Wr7 with the processing costs 3,000 
IDR/m3 and then moving up to a processing cost of 5,000 IDR/m3 
for Wr1. Water resource 1 (Wr1) is not used entirely for service 
system because its raw water demand has been met by using 
other water resources possessing lower processing costs. The 
simulation results show that the reuse of treated water from 
WWTP is used to meet the service system despite having the 
highest processing costs. This happens because the water 
resource coming from the reuse processed water from WWTP is 
not in the same equation with other natural water resources. So, 
the reuse of treated water from WWTP is not in the same position 
to be used based on the cost of raw water treatment. 
Results of the optimization for the simulation scenario 1 can be 
seen in Table 1. 
 
 
 
 
 
 
 
 
 
 
Table 1. Recapitulation of simulation results for Scenario 1 
 
Note : The gray color indicates a change between the existing 
capacity and simulation results 
Based on the optimization results in Table 1 it can be seen that 
the distribution of flow occurs from any water resources to the 1st 
up to the 10th service system. Moving flow distribution is from the 
smallest processing cost to the largest processing costs by a 
factor limiting the capacity of the service system. There is no 
distribution from the 8th water resource (Wr8) to the 10th (Wr10) 
because the three sources of the water come from water springs 
and groundwater which prevents their use for protection and 
restriction.  
Simulation results for scenario 2 were obtained  by utilizing all 
potential sources of water, including groundwater and water 
springs. Based on the simulation results, it can be seen that the 
distribution of water resources is to use all sources of water, 
including water springs and groundwater. Distribution discharge is 
from the water resource with the smallest processing cost to the 
largest processing costs so that the needs of the total water in 
service systems are met. The simulation results can be seen in 
Table 2. 
Comparison of Simulation Results for Scenario 1 and 
Scenario 2 
Comparison of the results of the simulation scenarios 1 and 2 
shows that the distribution of the use of different water resources 
is in accordance with the restrictions set out, among others, the 
use of groundwater and water springs. Both the simulation results 
show that the capacity of the service system established at the 
amount of 7,000 m3 can be met by the whole source. Total cost of 
the raw water supply for both the simulation results show that the 
total costs required for the simulation 1 is greater than the total 
cost required for the simulation 2. This can be explained as 
follows.  The simulation 1 does not use groundwater and springs 
whose processing cost is less than that of other water resources. 
The comparison of two simulations can be seen in Table 3. 
 
Table 2. Recapitulation of simulation results for Scenario 2 
 
 
Note : The gray color indicates a change between the existing 
capacity and simulation results 
No. Water 
resource 
(Wr) 
Service 
system 
(Wds) 
Existing 
capacity 
(m3) 
Simulation 
result (m3) 
Cost of 
treatment 
(IDR/m3) 
Total cost 
(x1000 
IDR) 
1. 1 1 to 10 3,000 1,700 5000 8,500 
2. 2 1 to 10 500 500.00 4000 1,999.99 
3. 3 1 to 10 1,000 1,000 4000 4,000 
4. 4 1 to 10 500 500 3000 1,500 
5. 5 1 to 10 500 500 3000 1,500 
6. 6 1 to 10 500 500 3000 1,500 
7. 7 1 to 10 500 500 3000 1,500 
8. 8 1 to 10 150 0 1000 0 
9. 9 1 to 10 50 0 1000 0 
10. 10 1 to 10 221 0 2000 0 
11. 11 1 to 10 4,000 1,200 5000 7,000 
12. 12 1 to 10 300 300 3000 9,000 
13. WWTP1 1 to 10 200 200 7000 1,680 
14. WWTP2 1 to 10 100 100 7000 700 
 Total  11,521 7,000.00  38,880 
 
No. Water 
resource 
(Wr) 
Service 
system 
(Wds) 
Existing 
capacity 
(m3) 
Simulation 
result (m3) 
Cost of 
treatment 
(IDR/m3) 
Total cost 
(x1000 IDR) 
1. 1 1 to 10 3,000 1,358.5 5,000 6,792.48 
2. 2 1 to 10 500 445.6 4,000 1,782.25 
3. 3 1 to 10 1,000 882.3 4,000 3,529.02 
4. 4 1 to 10 500 445.6 3,000 1,336.69 
5. 5 1 to 10 500 445.6 3,000 1,336.69 
6. 6 1 to 10 500 445.6 3,000 1,336.69 
7. 7 1 to 10 500 445.6 3,000 1,336.69 
8. 8 1 to 10 150 99.7 1,000 99.69 
9. 9 1 to 10 50 44.9 1,000 44.93 
10. 10 1 to 10 221 178.9 2,000 357.78 
11. 11 1 to 10 4,000 1,729 5,000 8,645.11 
12. 12 1 to 10 300 178.9 3,000 536.67 
13. WWTP1 1 to 10 200 200 7,000 1,680 
14. WWTP2 1 to 10 100 100 7,000 700 
 Total  11,521 7,000.2  29,514.69 
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Fig.5. Comparison of Simulation Results for Scenario 1 and Scenario 2 
 
4. CONCLUSION 
In this paper, new superstructure models for the optimization of 
IUWSS for Bandung City have been developed. The models have 
been developed for two scenarios as shown in Figures 4. By 
employing these superstructure models, the optimization has 
been carried out to determine the optimal cost of raw water 
supply for these two scenarios using GAMS software. Some 
preliminary results from the optimization have been obtained.   
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Abstract: Hospital as one of the possible causes of water pollutants containing infectious, pathogens, toxic, biodegradable, radioactive 
contaminants, pharmaceutical product that can be a hazard agent in the environment. Wastewater treatment plant owned hospitals 
generally have not been able to eliminate with either of these compounds. National estimates of production wastewater 48.985,70 
tons/day, which the total of hospitals in Indonesia as 2.410 hospitals with beds 295.035. The focus of hospital wastewater treatment in 
Indonesia is basically accordance with government regulations for reducing the chemical, physical, biological and radioactive materials 
from the wastewater. Climate of Indonesia is located in tropical regions may be produce additional types and other characteristics of 
wastewater. The Objective of this study to give an overview study of the new pollutant types of contaminants that require special 
processing through a hybrid membrane technology. The method used in this research were study literature of any membrane process 
in other countries and investigation of secondary data from multiple hospitals in Indonesia to determine the wastewater characteristics 
with government regulation. The study of result showed the characteristics of hospital wastewater of tropical region to provide 
suggestions scientifically for improvements government regulations that are currently used in Indonesia. The other result of this study 
can provide a picture of hybrid membrane technology in reducing the special waste with optimum process. 
Keywords: Water Pollutans, Hospital Wastewater, Tropical Region, Hybrid Membrane.     1 
                                                        
e-mail: iankurniawan019@gmail.com* 
 
1. INTRODUCTION 
The frequency of water increased in a row with technological 
developments and population growth. [1] World Health Statistics 
reported in 2015 showed that about 85% of the population in 
Indonesia requires access to clean water for life. Accordingly, in 
recent decades the public is increasingly aware as the 
importance to solved  environmental problems, especially the 
availability of clean water sources and sustainability of natural 
resources. 
Environmental Technology Center through the Agency in 
2010 [2] reported that the potential of water in Indonesia is 
currently estimated at 15,000 m3/capita/year. In 2020 the total 
potential is estimated at 1200 m3/capita/year, while the natural 
potential for a viable economy managed only 35%, so the real 
potential 400 m3/capita/year, under of the UN minimum 
amounting to 1,000 m3 /capita/ year.  
Data in 2014 from the Ministry of Health reported [3] 
Indonesia has 2,410 hospital beds with 295.035. Sumatera 
Selatan has 55 hospitals in Palembang as many as 27 hospitals. 
[4] National estimates hospital solid waste product by 376.089 
tons/day and wastewater excess 48.985,70 tons/day. [5] Organic, 
Inorganic chemicals and drugs used in hospital operations are 
potential sources of water pollution. [6,7,8,9,10,11,12] Hospital 
operations have the potential to produce waste caused 
environmental pollution. [13] Hospital including producers of 
hazardous wastes and toxic (B3) from specific sources waste 
code D.227. The wastewater effluent volume capacity of each 
hospital is different, it can be determined by the number of 
patients and the average water consumption. 
Waste water management of the hospital is one way to 
ensure the sustainability of water resources and the environment. 
Wastewater treatment plant (WWTP) is one way that can be 
done to minimize contamination of hospital waste. WWTP is an 
instrument that is generally a combination of three wastewater 
treatment process of physical-mechanical, biological or chemical. 
Physical-mechanical processing and chemical essentially the 
same as wastewater treatment to get clean water. Biological 
wastewater treatment that many common is the activated sludge 
process. 
[14] Hospitals have various substances and chemical 
reagents used for medical purposes such as diagnosis and 
research, once used for diagnostics, disinfection and pharmacy. 
It can’t metabolized by the patient's body then gets mixed with 
hospital wastewater. Hospital as one of the causes emission of 
pollutants that generate waste of drugs. [15] Wastewater 
treatment plant owned hospitals generally have not been able to 
eliminate of these compounds. 
[16] The problems that occurred that wastewater treatment 
technology the hospital has not degraded compounds are 
persistent in the environment effectively, especially wastewater 
containing drugs and micropollutans containing pathogenic 
bacteria. Pharmaceuticals and personal care products (PPCPs) 
are chemical pollutants with high solubility and bioactivity caused 
health complications in humans and living organisms. 
Pharmaceuticals and personal care products (PPCPs) were 
detected mainly through wastewater eventually reach the surface 
and ground water.  
[17] Research in Saudi Arabia for wastewater hospitals to get 
the results of the 19 drugs investigated, four types of drugs - 
drugs (acetaminophen, metformin, norfluoxetine, atenolol) have 
been found in concentrations greater than the detection limit both 
in effluents and waste from WWTP. [18,19,20] Residual 
chemicals and pharmaceuticals from hospital wastewater that 
can’t eliminate by the installation system in general will be a 
residue, viruses and bacteria transformed as agent multiresisten 
in the environment. [21,22, 23,24,25,26] Some of the studies that 
have been done concluded that the installation of effluent 
treatment owned by the hospital does not have the ability to 
reduce waste water containing medicines. 
[27] Membrane technology as one of the installation of 
effluent treatment plants, developments and progress has been 
promising in the process with the principle of the separation and 
purification of drinking water. [28] Membranes can be defined as 
the process of separation of components of fluid flow, the 
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membrane serves as a highly selective barrier between two 
phases and components. [29] Membranes based on particle size 
filtered consist of microfiltration, ultrafiltration, nanofiltration and 
reverse osmosis. 
[30] The membrane process offers significant advantages due 
to the operational simplicity, flexibility, cost-effectiveness, 
reliability, low energy consumption, good stability, environmental 
compatibility, easy control, handling and scale with operating 
conditions such as temperature, pressure, and pH.  
[31] The weaknesses of the processing use all kinds of 
membranes is the occurrence of fouling (clogging) caused by the 
interaction between the components, it can be anticipated with 
the optimization of the design and operating conditions 
(replacement membrane, backflushing, chemical cleaning). 
[32] Membrane technology could be a solution in wastewater 
treatment hospital. The development of membrane can be 
combined (Hybrid Process) nanofiltration membrane and reverse 
osmosis. Hybrid Process nanofiltration and reverse osmosis 
membrane technology has not been used in hospital wastewater 
treatment. [33] Nanofiltration process combined with reverse 
osmosis can reduce impurity components have characteristics 
containing residues of drugs, the ability to eliminate the 
contaminants by 94% - 100%. 
Further review of the system of WWTP in several hospitals in 
Indonesia, mostly using an activated sludge treatment system 
with a combination of aerobic and anaerobic pond. Most hospitals 
are not identifying drug compounds and other pathogenic 
bacteria from the WWTP effluent because the quality standards 
set by the government does not regulate in detail the components 
of other micropollutans. 
 
2. HOSPITAL WASTEWATER 
A. The Regulation of Indonesia 
The Regulation of quality standards on of hospital wastewater 
effluent at Indonesia seen in Table 1 [34, 35, 36]. [37] The quality 
of the wastewater of hospital in the city of Malang and some 
reports a study of wastewater treatment quality hospitals in 
Indonesia (RS. Kelet Jepara, RS Dr. Muhammad Zein Painan 
West Sumatra, RS Permadi, RSU Prov. NTB, RS Dr. Wahidin 
Sudirohusodo South Sulawesi, RS PKT Bontang; RS 
Persahabatan) concluded the facts and data that are relatively 
the same aspects (physics, chemistry, biology and radioactivity) 
and does not focus on researching the content of medicines in 
the waste due to limitations of technology and the government 
regulations didn't set specifics. 
B. Contaminant Characteristics of Hospital Wastewater 
Review research on characteristics of hospital wastewater on 
aspects of physics, chemistry, biology and the radioactivity is 
visible on a summary table 2. 
Specific research studies examining contaminants medicines, 
including studies conducted found some compound drugs such 
as Methamphetamines, Morpine, Codeine and Ketamine, which 
are present in wastewater effluents hospital after processing with 
the concentration of 1240, 378, 260 and 206 ng L – 1 [50]. [51] 
Antibiotic compounds such as Ciprofloxacin, Sulfamethoxazole, 
Ofloxacin, Clarithromycin, Azithromycin, Acetaminophen and 
Ibuprofen. [52] Antibiotic compounds classified in groups The 
Polar Organic Chemical Integrative Sampler (POCIS) compounds 
(Atenolol,Prednisolone, Methylprednisolone, Sulfamethoxazole, 
Ofloxacin, Ketoprofen). [53] Ciprofloxacin, Tamoxifen and 
Cyclophosphamide. Antibiotics Dexamethasone. [54] 
Carbamazepine. [55] Diclofenac, Amiodarone, Ritonavir, and [56] 
Amoxicillin, Ciprofloxacin, Fluoroquinolones, Arsenic, Mercury, 
Metracyclines, Sulfonamides and Penicillin G. 
 
Table 1. Regulation of Hospital Wastewater in Indonesia 
Parameter Concentration 
Physics  
Temperature 300 C 
Chemical  
pH 6 - 9 
BOD5 30 mg/L 
COD 80 mg/L 
TSS 30 mg/L 
NH3 0,1 mg/L 
PO4 2 mg/L 
Microbiology  
MPN Coli 10.000 
Radioactivity  
32P 7 x 102 Bg/L 
S 2 x 103 Bg/L 
45Ca 3 x 102 Bg/L 
51Cr 7 x 104 Bg/L 
67Ga 1 x 103 Bg/L 
85Sr 4 x 103 Bg/L 
99Mo 7 x 103 Bg/L 
113Sn 3 x 103 Bg/L 
125I 1 x 101 Bg/L 
131I 7 x 101 Bg/L 
192Ir 1 x 104 Bg/L 
201Ti 1 x 106 Bg/L 
 
Table 2. Research based on Hospital Wastewater Parameter
Parameter Concentration 
[38] Conductivity, μS/cm  300–000 
[22] pH   6–9 
[39] Redox potential, mV 850-950 
[40] Fat and oil, mg/L  50–210 
[6] Chlorides, mg/L  80–400 
[41] NH4, mgNH4/L   10 - 68 
[40] Nitrite, mg NO
2
/L  0.1 - 0.58 
[42,43] Nitrate, mg NO
3
/L  1 – 2 
[39,40] Phosphate, mg P-PO
4
/L 6 – 19 
[44] Suspended solids, mg/L 120 – 400 
[45,46] Microorganisms, MPN/100 mL E. 
coli  
10
3
–10
6
 
[45] Enterococci  10
3
–10
6
 
[39] Total surfactants, mg/L 4–8 
[47,48] Total disinfectants, mg/L 2–200 
[49] Specific disinfectants : 
BAC_C12–18, μg/L  
BAC_C12, μg/L  
DDAC-C10, μg/L  
 
49 
34 
102 
[48] Antibiotics, μg/L  30–200 
[48] Antinflammatories, μg/L 5–1500 
[48] Lipid regulators, μg/L  1–10 
[48] Cytostatic agents, μg/L  5–50 
[48] ICM, μg/L  0.2–2600 
[48] Beta-blockers, μg/L  0.4–25 
 
3. MEMBRANE PROCESS 
A. The Characteristics of Membrane 
[57] The membrane technology has a good ability as a filter 
barrier to contaminants or pollutant compounds that can be 
separated from the waste. Mechanism process model 
membranes have a good concept because only compounds that 
have a diameter smaller than the pores that can pass through a 
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membrane filter. The membranes are in a process of becoming a 
selective separator filter with some substances that can pass 
through the membrane, while other substances maintained.  
Membrane filtration can be used as an alternative technology 
wastewater purification in addition to flocculation, sediment 
purification techniques, adsorption, sand filters and activated 
carbon filters, ion exchange, extraction, and distillation. The 
concept of the performance of the membrane can be seen in Fig. 
1 that only contaminant particles are smaller than the membrane 
pores that can pass through the membrane breaks. 
 
Fig. 1 Membrane Mechanism Process 
Water treatment process is divided into several types, 
membrane microfiltration (MF), ultrafiltration (UF), reverse 
osmosis (RO) and nanofiltration (NF) membrane. [58] MF 
membranes that have pore sizes of the largest and usually 
reduce large particles and various microorganisms. UF 
membranes have smaller pores of the membrane MF, therefore 
in addition to large particles and microorganisms, they can resist 
bacteria and soluble macromolecules such as proteins. RO 
membranes are effectively non-porous and includes many 
elements of particles low molar mass such as salt ions and 
organic. NF membranes are relatively new as porous 
membranes, because the pores in the order of 10 angstroms or 
less. A comparison between some membrane technology, in his 
latest Membrane Technology and Engineering for Water 
Purification provides a comparison of membrane technology 
based on membrane pore size diameter [59] as shown in Fig. 2. 
 
B. Hybrid Membrane Process  
 
[60] Development of a high-pressure membrane processing 
technology (RO and NF) to eliminate compounds Soluble organic 
compounds (DOC), Polycyclic Aromatic Hydrocarbon (PAH), 
Trihalomethanes (THM), volatile Haloacetic Acids (HAA), 
Pharmaceutical Active Compounds (PhACs) and Endocrine 
Disrupting Compounds (EDCs). ECDs include a variety of 
micropollutants, namely xenoestrogens, phthalates, 
polychlorinated biphenyls, alkilfenol, synthetic drugs, hormones 
and other chemicals produced by humans then enter into the 
environment. [61] Produces technology NF and RO which is 
capable of the reduction of Cyclophosphamide > 90%.  
The comparison between the combination of processes that 
can be used in the reduction of contaminants in wastewater can 
be seen in table 3 [62]. The Hybrid Process using NF and RO 
membrane has a very good ability in the reduction of the typical 
hospital waste containing residues of medicines and other 
contaminants. The percentage reduction of contaminants that 
occur when processes demonstrates the ability of the average 
above 90%. 
Table 4. Serves a wide range of research and previous 
studies ever done in the various countries regarding the reduction 
of hospital wastewater containing residues of medicines by using 
nanofiltrasi and the reverse osmosis system. 
 
 
 
Fig. 2 Comparison of Membrane Process 
 
Table 3. Comparison of Membrane Process 
Type 
Process 
MF/UF NF/RO 
Used Particle and 
microorganism 
Sea water, 
micropollutans, 
Natural organic matter 
(NOM) 
Contaminant Partikel Dissolved solutes 
Membrane 
module 
Hollow fiber Spiral wound 
Flow Type Dead end Cross-flow 
Material Polymer, 
ceramic 
Polymer 
 
4. CONCLUSIONS AND RECOMMENDATIONS 
Reality of circumstances, WWTP still leaves many problems 
and obstacles. The magnitude of the location where the 
instrument processing and cost required either for installation or 
maintenance can cause an economic burden on hospitals will 
increase. The resulting effluent from the WWTP still require 
further processing, so it will take the energy and the high cost. 
The content of these contaminants is influenced by the type of 
hospitals, the amount of beds, amount of patients and the climate 
of a country. That fact can be proved by a study of the literature 
on several previous countries concluded that existing systems 
are not able to reduce to the maximum content of hospital 
wastewater. The Government should develop and revise 
regulations in order to improve the system of governance in 
hospital wastewater treatment. 
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The technology of wastewater treatment by hybrid process 
combines two processes nanofiltration membrane and reverse 
osmosis in Indonesia based on the literature search has not been 
done in the reduction of hospital wastewater containing residues 
of medicines. The climate of the region that have tropical 
characteristics, make a possibility additional types and 
characteristics of hospital wastewater. 
Hospital wastewater has potential polluters that are very 
harmful to the environment, so that should the contaminants are 
reduced by a latest technology that is effective, efficient and able 
to reduce these contaminants to the maximum. The 
recommmendation is wastewater treatment system in hospitals 
by using nanofiltrasi membrane technology and reverse osmosis 
can reduce contaminants existing polluters in the wastewater of 
the hospital. An important use of the latest technology developed 
the installation of hospital wastewater treatment to replace the 
current technology because it still finds some compounds 
micropollutans after passing through the WWTP process.    
 
Table 4. The Ability of Hybrid Membrane Process 
Contaminant  % Reduction 
Endocrine disrupting compounds (EDCs) 
and pharmaceutically active compounds 
(PhAC) 
>90% [63] 
Bezafibrate, bisoprolol, carbamazepine, 
klaritromisin, ciprofloxacin, diklofenak, 
ibuprofen, metronidazol, moksifloksasin, 
telmisartan dan tramadol 
70% [45] 
Pharmaceutical active compounds 
(PhACs), carbamazepine (CBZ) and 
diatrizoate (DTZ) 
Variation of a % 
reduction, [64] 
Pharmaceuticals Waste (sulfamethoxazole, 
trimethoprim, ciprofloxacin, 
dexamethasone, and febantel) 
94 - 100%. [33] 
Enrofloxacin > 92%. [65] 
Endocrine disrupting compound, bisphenol 
A (BPA) 
> 98% [66] 
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Abstract: This paper is presented about the steps of development android app for monitoring system of reclaimed mined land by way 
of revegetation. This System will be monitored based on the registration location (GPS - Global Positioning System) of the tree-
revegetation by using an android - app. This android-app can later be connecting to the server in real time using JSON. On the server, 
the data of the GPS from each tree-revegetation will be marked on the map so it can be counted the total amount of tree-revegetation 
that has been planted. The map location of mined land reclamation can be seen ONLINE by the stakeholder such as government, A 
non-governmental organization (NGO) or community that concern on the environmental issues. This paper supports to implement the 
regulation of the Minister of Energy and Mineral Resources (PERMEN ESDM) No. 7 of 2014 which is concerning the employer's 
obligation to reclaiming former mine, mine so it does not damage. 
Keywords: Android app, Monitoring System, Reclaimed land, GPS location, Revegetation 
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1. INTRODUCTION 
Indonesia is known as developing countries, has a lot of 
natural resources, this benefit is used as a capital for developing 
the country. One of these resources is mining. Based on data 
from the Ministry of Energy and Mineral Resources (ESDM), 
government revenues of Rp 158.46 Trillion in 2014 [1]. This gives 
the advantage to economic growth, both national and regional 
and also local. However, a reversed gain often leaves many new 
problems that are not easily resolved. 
One of the most noticeable impacts of the exploitation from 
natural resources, especially mining activities with the surface 
mining is the destruction of forest ecosystems in the form of loss 
function forest, leaving holes or chunks of rock and also land 
degradation (Fig 1). 
Fig.1. Giant puddles are now a common sight on the island of Bangka 
 
 
This can cause a negative impact in the form of potential 
flooding, changes in morphology and topography; microclimate 
changes caused fluctuations in wind speed. 
This problem must be resolved properly so that the 
degradation of environmental damage due to mining and restored 
function can be minimized, thereby reducing the negative impact 
.The Government of Indonesia through the Ministry of Energy and 
Mineral Resources and KEMENLHK (Ministry of Environment and 
Forestry) has been set up in the mining legislation which contains 
rights and obligations of mining companies. But in practice there 
is mining company that does not perform its obligations to restore 
the forest system in accordance with the regulations set by the 
Government. 
One of example news was reported by [2]: WALHI 
(environmental organization in Indonesia) and AMAN (Local-Non 
Government Organization -NGO) in South Sumatra urged the 
BPK (Indonesian Supreme Audit Institution) to audit the 
environment against the 300s coal mine in South Sumatra. Due 
to, those companies have been destroying forests, produce 
carbon and methane for global climate, and impoverish the 
people. 
Government through the BPK has certainly done its 
responsibility to carry out audits in accordance with the mandate 
of the law, but the audit process does not involve the community 
around the mine as stakeholders. This community should be 
involved in the process of control, monitoring and reclamation of 
mined land, because of the negative impact of the destruction of 
ecosystems mined land will be felt directly by the people around 
the mine. 
Based on the understanding of reclamation are activities 
performed throughout the stages of mining enterprises to 
restructure, recover, and improve the quality of the environment 
and ecosystems in order to function in accordance allotment 
(PERMEN ESDM No. 7 in 2014).  
The scope of reclamation includes among others the 
restoration of mined land to restore land disturbed ecology. 
Preparing mined land that has been repaired ecology for further 
use . The final target is the creation of the reclamation of mined 
land that conditions are safe, stable and not prone to erosion, so 
it can be recovered in the manner intended. To create this 
required a method of revegetation. 
Revegetation is defined as a human effort to restore 
degraded land outside the forest area with the intention that the 
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land can be returned to function normally [3], the goal of 
revegetation will include the re-establishment of plant 
communities native ongoing basis to resist erosion and runoff, 
improvement of biodiversity and aesthetic landscape restoration. 
Based on PERMEN-ESDM No.7 of 2014, article 53 
paragraphs 2 letter b revegetation work can be: 
1. The planting of cover crops (cover crop); 
2. The planting of fast-growing tree; 
3. The planting of local species; and / or 
4. control of acid mine drainage. 
In this research, the use of fast-growing crops will be 
selected. According to [4] the first phase of activities revegetation 
of mined land must be planted prior to the plants fast-growing 
pioneer that is able to adapt quickly to environmental conditions. 
Some types of fast-growing tree that is commonly used for 
revegetation is sengon sea ( Albizzia falcata ) , acacia ( Acacia 
mangium , Acacia crassicarpa ) , leucaena (Leucaena glauca ) , 
Turi ( Sesbania grandiflora ) , Gliricidia ( Gliricidia sepium ) , and 
so forth . A fast growing plant grown alongside or immediately 
after the cover crop is planted. There are several types of fast-
growing tree that is planted as shade trees protecting staple crops 
or cliffs, changing direction of the wind, reducing the light intensity 
and temperature, increase air humidity and soil retain moisture 
and add organic material. This plant serves to create a 
microclimate suitable for the forest ecosystem. This is shown in 
Fig 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Former gold mine covering, and revegetated / reforested, North 
Halmahera, North Maluku [4] 
 
The second stage is preparing mined land that has been 
repaired ecology for further use. State of the art (SOTA) of this 
research is the government has yet to have a system that can 
monitor the implementation of the reclamation of mined land 
revegetation methods in real time and ONLINE (in the Network) 
technology utilizing mobile applications  
The monitoring system based integrated mobile applications, 
especially Android today has grown rapidly, it can be seen from 
several studies that have been published in several international 
journals accredited as: developing a monitoring system based on 
Android to support and provide information on how to cultivate 
paddy, how the treatment of rice diseases and know the warning 
time in the future to grow paddy [5]. While other studies such as 
Real time data acquisition for effective monitoring for intensive 
agricultural land use android application as media display [6]. 
This application is created using java program language 
using android studio for application design and manufacture of 
the user interface 
2. METHODS  
This research will include 8 phases, the phases are: 
A. Preparing Drone Installment  
The drone that will be used must align to requirement, before 
the drone is assembled; there will be simulation and calculation to 
keep the stability of control system and aerial image capturing. 
B. Constructing Algorithm and Application 
In this phase, the algorithm for image compression will be 
generated. Moreover, it will also include metadata extraction and 
algorithm towards web-based monitoring.  
C. Capturing Aerial Image 
The aerial image will be used to gather information about 
surface area of mine which are ready to get revegetation. Figure 
4 shows the aerial image will be captured by unmanned vehicle 
which is named drone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Drone Illustration to capture aerial land mine image 
 
D. Calculating the number of plants towards revegation  
In this phase, the captured aerial image will be processed by 
image processing technique to obtain the surface area and 
number of plant towards revegetation based on row spacing. The 
illustration of this phase is shown in figure 5. The variety of plant 
is fast-growing variant 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. The used of image processing to calculate the number of plant 
illustration. 
E.  Cultivation of fast-growing plant 
This phase, the ex mine area will be planted with fast-growing 
plant variant. It is based on the number of plant which is 
calculated by image processing calculation in 2nd phase. 
Before After 
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F. Collect plant data by using android-based application 
In this phase, android-based plant register application which 
will be developed to capture image of revegetation, in the 
generated aerial image will be embedded with metadata which 
contains latitude and longitude of plant position. 
G. The delivery of plant image and GPS location data. 
The result data of android-based application will be 
compressed and forwarded via internet through JSON (JavaScript 
Object Notation). Figure 6 shows the illustration of delivery 
process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. The illustration of architecture system, data delivery through 
proposed monitoring system 
 
H. Data processing to visualize digital map via web-based 
application 
The data which is received by server will be processed and 
visualized real time. Figure 7 shows the visualization of result. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 7. The map which will be deveoped based on reclamation area and  
revegetation on mine surface area 
3. CONCLUSION 
This research project is still in the process of making android 
application development. in this paper we have presented the 
steps or methods adopted in building a system that can be used 
by the government of the Republic of Indonesia to implement 
regulations ministries so that good governance can be 
implemented as well as the community can get involved in 
maintaining , caring for and preserving the mining environment so 
environmental damage can be avoided 
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Abstract: Low temperature  thermal desorption of refinery acidic sludge contaminated soil has been studied to determine the cokes or 
carbonized residue yield after treatment. The conversion cokes from organic hydrocarbon contaminants was found out to be a good 
alternative process to meet the target TPH concentration. The temperature was varied from 220 to 300 and the reaction time was 
investigated between 20 and 40 min. Temperature influenced the cokes or carbonized yield significantly and the cokes or carbonized 
residue decreased slightly with an increase in oxygen concentration. The treated soil with the cokes or carbonized residue can be 
found to act like biochar as soil amendment and the organic hydrocarbon can be sequestered into the cokes or carbonized residue 
onto the soil surface. 
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1. INTRODUCTION 
  The petroleum oil refinery process produces a large amount 
of oily sludge with a high concentration of total petroleum 
hydrocarbons (TPHs). The sludge also contains viscous oily 
emulsions. The main resources of the oily sludge are the crude oil 
storage tank, the bottom of the storage tank in the petroleum 
refinery plant, and the transporting equipment. [1],[2]  
   The oily sludge, which is itself toxic and also contains toxic 
heavy metals generated by the refinement or improvement 
processes, has a negative effect on the soil and surrounding 
ecosystems [3]. The viscous sludge can block soil pore and 
decrease its permeability [4]. Additionally, the emission of volatile 
organic carbons or the release of toxic substances contaminates 
both soil and groundwater [5]. Therefore, soil that is contaminated 
by oily sludge should be treated properly.  
    Lab scale experiments for technology screening of the acidic 
sludge contaminated soil already studied [6] and possibility of 
thermal desorption [7]  was suggested. This study reviewed  
thermal desorption experiments again and from the experiments 
results[8], new conceptual low temperature thermal desorption 
process for highly contaminated soil with acidic refinery sludge 
was suggested. Using this technology, organic contaminants from 
acidic sludge turned to be cokes or carbonized residue which 
produced little off gas. Producing little off gas can make smaller 
investment of off-gas treatment facilities construction as cyclone, 
thermal oxidizer, heat exchanger, scrubber, bag filters. Also this 
process can be sequestered CO2 into the cokes or carbonized 
residue onto the soil surface therefore the treated soil can act like 
biochar as soil amendment. 
2. EXPERIMENTAL DETAILS 
A. Soil and acidic sludge Samples 
    Soil specimens were collected from an oily sludge dumping  
site in Balikpapan, Indonesia. The oily sludge at this site was 
dumped from a wax manufacturing plant without any appropriate 
treatment. The soil portion was 31 wt%, and the sludge in the soil 
was either coated on the soil particles or formed a solid aggregate 
comprised of the soil and sludge. The initial soil properties are 
shown in Table 1. The soil containing sludge was not mixed with 
water due to its strong hydrophobicity, where soil particles were 
coated by the oil or oily sludge; therefore, the surface of the soil is 
non-wettable. Solids larger than 2 mm were removed in order to 
investigate the size distribution of the soil particles in dried and 
wet the soil was dried in an oven at 70℃ for 16 h. The main 
fraction (approximately 80%) is fine soil with a diameter < 0.149 
mm in both the dried and wet conditions. 
    TPH (Total Petroleum Hydrocarbon) analysis was made 
using N-Hexane extraction method by SM5520E for N-Hexane 
Extractable Material (HEM) and SM5520 F for N-Hexane 
Extractable Material which is not absorbed by silica gel.  Actual 
extraction was made in a soxhlet apparatus at a rate of 20 
cycles/he for 4 hours. If any turbidity or suspended matter is 
present in the extraction flask, removed by filtering through 
grease-free cotton into another weighed flask.  
 
Table 1. Initial properties of soil with acidic oily sludge 
Water contents of soil (%) 13.4 
Water contents of sludge (%) 7.5 
Specific weight of sludge 1.2 
pH 7.2 
EC (μS/cm) 674 
TPH (HEM) of soil (mg/kg) 76,100 
TPH (SGT-HEM)  of soil (mg/kg) 37,000 ~ 42,200 
TPH (HEM) of sludge (mg/kg) 311,000 
TPH (SGT-HEM) of sludge (mg/kg) 73,300 
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      As a results of Gas Chromatography analysis, most 
hydrocarbon chain length ranges from C16 to C35. The acidic 
sludge contaminants in this sample had mostly aliphatic long 
chain and heavy portion of petroleum oil. From the site  
 
Fig.1. GC Chromatogram of Contaminants 
investigation, the acidic sludge contaminants had been collected 
into a sludge pit in the refinery from the paraffin wax production 
unit. And  the process residue/waste from Acid/Clay treatment 
process contaminated the soil. 
 
Fig.2. TLC/FID Chromatogram of Contaminants 
By using TLC/FID, four major component of contaminants on the 
soil and sludge were analyzed and the chromatogram shown as 
below fig  . The Aliphatic fraction was analyzed as 68% and 
aromatic fraction 22%, resin and asphaltene were 4.5% and 5.5% 
respectively. 
B. Thermal Analysis and Treatments 
TGA (Thermal Gravimetric Analysis) and DSC (Differential 
Scanning Calorimeter) analysis were conducted (DSC-2010, TA 
Instrument, USA).  Soil sample screened via 2mm mesh then 
dried at 110℃. Temperature increase rate was 10℃/min and 
scanned from 25℃ to 800℃ using purging gas with gas injection 
rate was 150mL/min. 
   According to the TGA/DSC analysis, actual thermal treatment 
test was conducted using electric muffle furnace (MF-32GH, 
Jeio Tech, Korea).  Soil samples were put in the muffle furnace  
 
 
 
 
 
Fig.3. TGA/DSC Chromatogram of Contaminants 
at temperature from 300℃, 350℃, 400℃, 500℃ up to  600℃ for 20 
minutes respectively.  After cooled down to the room temperature, 
those samples were weighed the loss and analyzed TPH to 
measure hydrocarbon concentration.  
   From the TGA/DSC analysis and muffle furnace experiments, 
actual thermal desorption trial conducted using lab-scale thermal 
desorption unit. 
3. Results and Discussion 
A, TGA/DSC Analysis 
TGA/DSC test conducted in aerobic condition and anaerobic 
condition and actual condition of direct fired thermal desorption is 
expected to be between them.  From the TGA /DSC, mass loss 
happened rapidly in the range of  250 ~ 400℃. At 114℃ , water 
evaporation happened and at 200~300, low temperature 
oxidation of hydrocarbon may happened. The above temperature 
of 400℃, thermal cracking and high temperature oxidation 
progressed so on. 
      B. Muffle Furnace Experiments 
      Thermal desorption experiments by varying temperature 
between 300~600℃ with 20 minutes residence time in the Muffle 
Furnace was analyzed. On this experiments, additional oxygen 
(air) supply for complete combustion or inert gas (N2) supply for 
pyrolysis  were  not considered.  
Table 2.  Thermal Desorption Results by Muffle Furnace 
Temperature  (℃) Initial TPH (mg/Kg) After TPH(mg/Kg) 
300 37,000 6,500 
350 37,000 450 
400 37,000 ND 
500 37,000 ND 
600 37,000 ND 
* TPH analysis method : SM 5220 E,F 
** ND : Not Detected 
Above 350Ԩ, the TPH was low enough to meet the target 
remedial concentration in Indonesia. 
 
C. 2nd Thermal Desorption Experiments 
     For the optimized operating condition of thermal desorption 
process, experimental design with additional variables were 
made. Three different temperatures, residence time and oxygen 
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concentration in the muffle furnace were variable factors for 2nd 
thermal desorption experiments. Starved oxygen atmosphere was 
intentionally designed to avoid complete combustion with the 
lowered temperature span. To manage the oxygen concentration 
in the muffle furnace atmosphere, air and N2 gas blow lines were 
installed at the back of the muffle furnace. Weight loss was 
measured after thermal desorption in the muffle furnace. Soil 
samples were all dehydrated before thermal desorption 
experiments. After weight loss measured, TPH also analyzed by 
SM 5220 E,F method. The results of 2nd thermal desorption trial 
was shown on Table 3.  
Table3. TPH results from 2nd thermal desorption experiments 
             (Initial TPH = 42,200mg/Kg) 
Temp℃ Time O2 Coke Yield TPH 
220 20 3% 80% 5,500 
220 30  9% 75% 6,000 
220 40 15% 63% 6,800 
250 20 3% 78% 3,850 
250 30 9% 73% 4,380 
250 40 15% 64% 5,200 
300 20 3% 67% 4,500 
300 30 9% 60% 5,600 
300 40 15% 51% 7,900 
* TPH analysis method : SM 5220 E,F 
Table 3 shows the effect of temperature on coke or carbonized 
residue yield from acidic sludge contaminated soil. The reaction 
time is kept constant at 20min, 30min and 40min  throughout 
each experiment sets based on the result obtained in the previous 
experiments. It can be observed that when the temperature 
increased, the cokes or carbonized residue yield decrease for all 
atmospheric condition of thermal desorption condition. At lower 
temperature (220˚C), the cokes or carbonized residue remain  
When the acidic sludge contaminated soil was treated in mild 
temperature (250˚C), about 78 % ~ 64% of the mass was 
retained, while acidic sludge contaminated soil treated in high 
temperature (300˚C) retained about 67% ~ 51 % of  total organic 
contaminant mass.  
Table 4. Oxygen concentration vs Coke Yield 
Temp℃ Time O2 Coke Yield TPH 
220 30 3% 78% 5,070 
220 30  9% 75% 6,000 
220 30 15% 71% 6,210 
Table 4 shows coke or carbonized yield vs. oxygen 
concentration. at  same temperature and reaction time. When the 
concentration of oxygen was varied from 3 to 15 vol%, the coke 
or carbonized residue yield was lowered by only 7 % comparing 
3% oxygen atmosphere. This little yield difference might due to 
low temperature atmosphere. Thus, more mass  
 
Fig.4. Temperature vs Coke Yield 
loss occurred in oxidative thermal desorption than that in inert 
-like thermal desorption at higher temperature.  The fact that the 
effect of oxygen atmosphere on the coke or carbonized yield  was 
more prominent at higher temperatures may be attributed to the 
difference of activation energy between oxidation and non-
oxidation decomposition. 
At temperature 250℃ with 20~30 minutes residence time, the 
TPH results were low and the weight loss also low. And the 
oxygen concentration difference was not largely affected the TPH 
results. Remarkably at this operating condition, the weight loss 
was minimized by the formation of coke or carbonized material 
from the organic contaminants 
Also even though the yield of residual coke or carbonized 
material were almost same, the TPH extracted by N-Hexane can 
be different. This might be influenced by the structural stability by 
the coke or carbonized material formation during operating 
conditions. Also those residue of coke or carbonized material 
should be non-toxic when backfilled to the site.  
This low temperature thermal desorption process can 
minimize the capital investment of air pollution control system 
(multi-cyclone, thermal oxidizer, heat exchanger, scrubber, bag 
house, etc) because the produced off-gas already minimized. Of 
course, the total CO2 emission is minimized and the most CO2 
can be sequestrated onto the soil. The residual cokes or 
carbonized material should be act like biochar which can be used 
for soil amendment and fertilizer. 
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Fig.5. Eco-toxicity Test Germinating Seeds for Cokes from Thermal 
Desorption Treated Soil 
The coke or carbonized yielded from thermal desorption has 
similar characteristics with biochar which manufactured from 
biomass pyrolysis or torrefaction process. The evaluation of 
toxicity conducted simply germinating seeds test and test results 
was shown on Fig 5. After 6 days, seed germinating was found at 
the thermal desorption remediated soil while no seed germinating 
found at the control acidic sludge contaminated soil at all.  
Biochar has also advantage for increment of water holding 
capacity, CEC (Cation Exchange Capacity) and number of 
microbial population. When biochar used as a soil amendment, 
biochar has been reported to boost soil fertility and improve soil 
quality by raising soil pH, increasing moisture holding capacity, 
attracting more beneficial fungi and microbes, improving CEC and 
retaining nutrients in soil. Another major benefit associated with 
the use of biochar as a soil amendment it its ability to sequester 
carbon from the atmosphere -biosphere pool and transfer it to soil 
[9] 
 
4. CONCLUSIONS 
Using this low temperature thermal desorption with limited 
oxygen control can be use a remedial option for heavily 
contaminated soil and refinery oil sludge contaminated soil. By 
using direct fired rotary dryer, the thermal energy efficiency can 
be better than those of indirect fired thermal desorption process. 
Because this low temperature thermal desorption with limited 
oxygen control may emit lower volume of off-gas, the investment 
of CAPEX for total air pollution control system can be minimized 
but the carbon can be sequestered into the cokes or carbonized 
residue onto the soil surface. And this cokes or carbonized 
residue can act like biochar as soil amendment. 
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Abstract: To date, there has been no general agreement on the most suitable method for the treatment of winery wastewater. On the 
other hand, advanced oxidation processes (AOPs) based on various techniques offer a promising alternative method for water and 
wastewater treatment. A comparative study was performed on the degradation of winery wastewater by using UV light (UV), ozonation 
(O3), and by combination of both methods (UV/O3). Based on the experimental results, it was shown that the synergistic action of UV 
light and ozone leads to a more efficient degradation of winery wastewater in term of Chemical Oxygen Demand (COD) removal. The 
highest COD removal was found at the highest ozone dose for all initial wastewater pH values in O3 and UV/O3 experiments. The 
highest COD removal of 60 and 76% were achieved in O3 and combined UV/O3 systems, respectively. 
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1. INTRODUCTION 
 Winery wastewater is characterized by large seasonal 
fluctuations in volume and composition and is often discarded 
with little or no treatment. In general, the regulatory bodies dictate 
that treated wastewater should have a pH of 5.5-7.5 and COD 
should not exceed 75 mg/l before discharge into the environment. 
However, winery wastewater typically has a pH of 3-4, with a 
COD of 800-12800 mg/l [1]. Furthermore, the COD can increase 
to 25000 mg/l depending on the harvest load and processing 
activities. Sugars, organic acids and alcohols dominate the 
organic carbon composition of wastewater produced by wineries 
[2]. The chemical analyses of winery wastewater indicated that 
the organic acids play a more prominent role in the acidity of the 
wastewater, whereas the high concentrations of sugars contribute 
largely to COD [3]. 
 These sugars are easily dissolved in wash-down water, and 
are measured in the effluent as BOD (biochemical oxygen 
demand). The BOD levels associated with grape crushing, barrel 
washing and bottling may be as high as 5000 (ppm or mg/l). 
Wastewater with high levels of BOD combined with chlorine from 
chlorinated water sources may produce a known cancer-causing 
disinfection by-product, trihalomethanes (THMs), which can 
contaminate the ground water [4]. 
 As a consequence of this condition and the more stringent 
regulations concerning effluents released into public rivers and 
streams, new technologies have been developed to reduce these 
refractory contaminants. Among them, chemical oxidations by UV 
radiations [5] and ozone [6] are increasingly used for the 
reduction of organic contaminants present in a variety of 
wastewaters from different industrial plants. However, this 
decomposition using single treatments may sometimes be difficult 
if the pollutants are present at low concentration or if they are 
especially refractory to the oxidants. For such situation, it has 
been necessary to develop more effective process for the 
destruction of the contaminants.  
For example, systems based on the generation of very 
reactive oxidizing free radicals, especially hydroxyl radicals, have 
generated increasing interest due to their high oxidant power. 
These systems are commonly termed advanced oxidation 
processes (AOPs). AOPs with producing high oxidation potential 
hydroxyl radicals are more often investigated. Photolytic 
ozonation which is one of AOPs has been shown by several 
investigators [6] to be more effective for the destruction of some 
organic compounds than either UV photolysis or ozonation alone 
and has significant potential as a wastewater treatment process 
for the destruction of refractory chemicals. 
The aim of this study is to compare the degradation level of 
winery wastewater using UV light, ozonation, and combined of 
both methods in term of COD removal. The effect of ozone dose 
and initial wastewater pH were also investigated. 
2. EXPERIMENTAL DETAILS 
A. Chemicals and Materials 
Winery wastewater was obtained from a commercial wine 
company located in the Swan Valley in Western Australia. 
Potassium iodide used was analytical reagent grade and was 
supplied from Chem-Supply. 
B. Experimental procedure 
All experiments were carried out in a photochemical reactor 
operated in semi-batch mode. The apparatus is shown in figure 1. 
A medium pressure arc UV lamp, from Primarc Ltd. (UK), emitting 
in wavelength range 310-435 nm, with a maximum emission at 
365 nm was used as UV light source. The lamp was placed in the 
axial centre of the reaction chamber. In photolytic process, only 
UV light applied in the experiments to degrade the wastewater. 
For more details of the procedure see [7].  
In ozonation process, the UV light was not occupied. But, in 
photolytic ozonation process, both UV light and ozone was 
applied as the oxidant. In these experiments, ozone was 
generated by using an ozone generator (American Ozone 
System, Inc.) previously calibrated. Ozone was supplied at the 
bottom of the reactor through a gas distributor. The ozone 
concentrations in the feed gas stream and the outlet gas stream 
were determined by an iodometric method. A 500 ml volume of 
gas washing bottle containing 6% potassium iodide solution were 
connected in series with the reactor for collecting all unreacted 
ozone gas passing through the reactor. The ozone consumption 
was determined with a mass balance between the inlet and outlet 
gas stream.  
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Fig 1. Schematic diagram of the photolytic ozonation experiments 
 
For each experiment the reactor was filled with the 38.5 L of 
diluted wastewater, and the volume of the reaction mixture in the 
column was kept constant. The pH was adjusted by adding an 
aqueous sodium hydroxide or sulphuric acid solution. The UV 
lamp used in this case takes about 3 minutes before illuminating 
with its complete power spectrum. Therefore, the UV lamp was 
turned on for 3 minutes before distributing ozone into the reactor 
and the sampling of aliquots was done only after 3 minutes from 
now on. Samples were taken from the reactor at regular time 
intervals and analyzed for TOC (Total Organic Carbon) and COD. 
C. Analytical Methods 
The TOC was measured by using Shimadzu 5000 TOC 
Analyser. COD was measured by using titrimetric method. Before 
analysis each sample was passed through a 0.45 Pm Whatman 
filter.  pH was measured on-line using a TPS WP-80 pH meter.  
3. RESULT AND DISCUSSION  
Analyses of organics are made to assess the concentration 
and general composition of organic matter in raw water supplies, 
wastewater, treated effluents, and receiving waters; and to 
determine the efficiency of treatment process. TOC and COD 
methods are used to assess the total amount of organics present. 
TOC is more convenient and direct expression of total organic 
content than either COD or BOD, but does not provide the same 
kind of information.  
Industrial wastewaters, such as winery wastewater, consist of 
a matrix of a large number of organic pollutants. In this situation, 
the TOC measurement will give a more realistic estimate of total 
organic carbon [8]. Therefore, the organic concentration in this 
study was characterized in terms of TOC. However, COD is often 
used as a measure of pollutants in wastewater. For this reason, 
both parameters were evaluated in this research.  
The concentration data measure using TOC analyzer was 
directly obtained in ppm (or mg/L). The molecular weight of 
carbon (12.0 g/mol) was used to calculate molar concentration of 
TOC. TOC removal at any point is defined as: 
0
0
TOC
TOCTOC
TOC
C
CCX     (1) 
where  TOCC  = TOC concentration at any time W, mol./L 
0
TOCC  = initial TOC concentration, mol./L 
The average reaction rate over the period of an experimental 
run define as: 
W
0_
TOC
f
TOC CCr    (2)  
where 
_
r =  average photodegradation rate of TOC, mol/L.s 
 W =  liquid hold up time (s) 
f
TOCC  = final TOC concentration, mol/L     
A. Degradation by UV light 
In advanced oxidation processes, the rate of oxidation will 
depend on radical concentration, oxygen concentration, and 
pollutant concentration. Many factors can affect the radical 
concentration. pH is among them. 
TOC reduction with time at different initial wastewater pH is 
illustrated in Figure 2. It is clear that TOC removal increase with 
increasing pH. The highest COD removal was also found at 
higher initial wastewater pH as demonstrated in Figure 3. 
 
Fig. 2.  Effect of initial wastewater pH on TOC removal. Experimental 
conditions: air flowrate 6 L/min, reaction time 60 hr, average reaction 
temperature 28oC. 
The average reaction rate was calculated by using equation 2. 
It is also obvious that the average reaction rate increases with 
increasing initial wastewater pH, as shown in figure 4. Inhibition of 
the average reaction rate was detected at lower pH values. 
Similar results were reported by [9] who found that in 
photochemical degradation of parathion in aqueous solution, the 
reaction rate increased as the pH increased.  
 
Fig. 3. Effect of initial wastewater pH on COD Removal. 
Experimental conditions: air flowrate 6 L/min, reaction time 60 hr, 
average reaction temperature 28oC. 
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These results are in agreement with other investigations e.g. 
Ku et al., in their investigation on the effect of solution pH on the 
hydrolysis and photolysis of diazinon in aqueous solution, found 
the contribution of photolytic rate constant to the decomposition of 
diazinon by photolysis decreases under acidic condition [10]. 
Reference [11] also reported that photochemical removal of 
phenol from alkaline solutions is more efficient than from neutral 
and acidic ones.  
These results could be due to the photodegradation rate in the 
acidic solution being retarded by the high proton (H+) 
concentration that was originally introduced to the solution. 
Furthermore, under the alkaline condition, the addition of 
hydroxide ions (OH) to the solution might have neutralized the 
acidic products that might be generated from the photolysis, and 
have therefore improved the photosentitization process [12]. 
 
Fig. 4. Effect of initial wastewater pH on the average reaction rate. 
Experimental conditions: air flow rate 6 L/min, reaction time 60 hr, 
average reaction temperature 28oC. 
 
B. Degradation by ozonation (O3) 
Ozone concentration of 0.97-1.37 mg/min was used to assess 
the influence of applied ozone dosage on TOC removal. The 
effect of initial diluted wastewater pH was also studied.  
 
 
Fig. 5. Percentage of TOC removal by using different initial wastewater 
pH. Experimental condition: pressure 146 kPa, gas flow rate of 6 L/min, 
temperature 20oC, ozonation time 20 minutes. 
Three different concentrations of ozone were dosed to the 
wastewater. Variations of TOC removal with different ozone 
dosages during ozonation are illustrated in figure 5. Similar with 
the photolytic process, TOC removal also increases with 
increasing initial wastewater pH value. The highest TOC removal 
(46%) was achieved when using the highest ozone dose of 1.37 
mg/min for 20 minutes. 
 The effect of ozone dose on COD removal using different 
initial wastewater pH conditions is shown in figure 6. The highest 
COD removal was found at the highest ozone dose for all initial 
pH values. Higher initial pH values resulted in higher COD 
removals. Similar results were reported by [13] who found that 
removal efficiencies increased as the amount of utilized ozone 
increased. In examining the process parameter development for 
ozonation of kraft pulp mill effluents, Zhou and Smith discovered 
that ozone was very effective in the reduction of colour and 
adsorbable organic halides (AOX), while ozone was ineffective in 
reducing COD and TOC. They also reported that the removal 
efficiency achieved during ozonation was 30% for COD and 18% 
for TOC. 
 In another study on the treatment of textile wastewater by 
ozonation and chemical coagulation, Lin and Lin showed that an 
increase in the current input (i.e. increased ozone production rate) 
considerably shortened ozonation time to bring about the same 
COD removal in medium strength wastewater experiments [14]. 
On the other hand, [15] reported that the removal of COD with 
increasing ozone dose is less distinct than removal of coloured 
matter, and the plots of removal efficiency as a function of ozone 
dose are almost constant in their investigation on the treatment of 
secondary effluents from the pulp and paper industry using 
ozone. 
 
 
 
 
Fig. 6. Effect ozone dose on COD removal with different initial wastewater 
pH. Experimental condition: pressure 146 kPa, temperature 20o C, flow 
rate 6 L/min, ozonation times 20 minutes. 
 
 It is well known that pH is the parameter with the highest 
influence on water and wastewater ozonation. The pH can alter 
the mechanism of ozonation. Ozone usually reacts with organic 
compounds through two different ways [6] namely by direct attack 
and through free radicals attack, especially hydroxyl radicals. The 
radicals are mainly generated during the ozone decomposition, 
which is favored when pH increases. At acid pH it can be 
expected that the reaction mechanism correspond only to the 
direct attack, while at basic pH both ways are significant.  
Figure 7 shows the removal percent of COD with time during 
ozonation experiments carried out at different initial wastewater 
pH values and fixed ozone dose and temperature. It can be seen 
that the increase of initial pH from 4 to 10 led to increases of COD 
degradation rates. It is also clear that COD removal increases 
with increasing initial wastewater pH as also demonstrated in 
figure 6. At lower pH, ozone exclusively reacts with compounds 
with specific functional groups through selective reactions such as 
electrophilic, nucleophilic or dipolar addition reactions (i.e direct 
pathway) [16]. However, at basic pH, ozone decomposes into free 
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radicals (mainly hydroxyl free radicals, OH•), a highly oxidising 
species which reacts non-selectively with a wide range of organic 
and inorganic compounds in water (i.e. indirect pathway). Direct 
oxidation by ozone is very selective but oxidation by radicals is 
less selective and generally faster. In this study, both pathways 
were expected to occur at high pH, thus the ozone molecules 
consumed per organic molecule reacted should increase with pH. 
As COD was the parameter used to represent the organic 
molecules in the wastewater, so the highest COD removal was 
achieved at pH 10. Figure 8 confirms this analysis, which COD 
removal increases with increasing pH due to the increasing in 
amount of ozone react. 
 
Fig. 7. Variation of COD removal with time. Experimental condition: 
pressure 146 kPa, temperature 20o C, flow rate 6 L/min, ozone 
concentration of 1.37 mgr/min. 
 
Fig. 8. Ozone react and COD removal with different initial wastewater pH. 
Experimental condition: pressure 146 kPa, temperature 20o C, flow rate 6 
L/min, ozone concentration of 1.37 mgr/min, reaction time 20 minutes. 
 
 Similar results were reported by several researchers who 
found that for a given amount of ozone fed, the increase of pH led 
to increases of COD degradation rates in the ozonation of tomato 
wastewater [17][18]. In another paper, [19] also described that an 
increase of pH yielded slight increases in COD removal for the 
degradation of wine distillery wastewater using ozone. 
C. Degradation by photolytic ozonation (UV/O3) 
 The experimental results indicated that the highest COD 
removal in single ozonation study on winery wastewater treatment 
was obtained when using ozone with the initial wastewater pH of 
10 and ozone concentration of 1.37 mg/min [20]. These values 
were also applied in the photolytic ozonation study.  
 To study the effect of ozone dosage on the photolytic 
ozonation of winery wastewater, the ozone concentration of 0.97-
1.37 mg/min was used. Figure 9 illustrates the variation of TOC 
removal during 20 minutes of process. 
Similar results were reported by  [21] who found that the 
TOC removal increased with increasing ozone dose in their 
study on the photolytic ozonation of Cross Lake water 
located in US.  
 
 
 
Figure 9. Variation of TOC removal using different ozone dose. 
Experimental conditions: gas flow rate 6 L/min, pressure 146 kPa, 
temperature 20oC, and initial wastewater pH 10. 
The comparative studies of photo- and radiation-induced 
degradation of aqueous EDTA was analysed by [22]. The 
photolysis (O=254 nm) of aqueous EDTA in the presence of 
oxygen, ozone and TiO2 individually and in mixtures of them as 
well as by ozonation only was investigated. Very high EDTA 
degradation yields were obtained by the synergistic action of UV 
light (O=254 nm) in the presence of ozone and TiO2. Comparative 
studies were performed under similar condition with O-irradiation. 
In both cases the EDTA degradation depended on the absorbed 
radiation dose (UV-light or O-rays), on the O3 concentration, and 
on the amount of suspended TiO2. So the authors also found that 
by increasing the O3 concentration, degradation yield was 
strongly increased. 
In the O3-based processes, the solution pH alters the 
chemical composition of the ozone; for example OH radicals were 
formed from ozone decomposition at high pH, while the molecular 
ozone remains the same as for main oxidant at a low pH. 
Reference [23] indicated that increasing the ozonation system pH 
would increase the OH radical production rate because of the 
following reactions. 
O3 + OH‾ → O3‾● + OH●    (3) 
O3‾● → O‾● + O2     (4) 
O‾● + H+ → OH●     (5) 
The effect of pH on simultaneous photodegradation and 
ozonation plus UV radiation of phenolic acids - major pollutants in 
agro-industrial wastewaters was investigated by [24]. It has a 
positive influence on the degradation. This general positive effect 
is probably due to a different reactivity: at lower pH values these 
phenolic acids mainly remain undissociated, the dissociated 
species are more reactive than the undissociated.  
Furthermore, the synergistic effects of the combination of 
photolysis and ozonation on destruction of chlorophenols in water 
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were also studied by [25]. It was found that the synergistic effects 
of the combination of photolysis and ozonation increased 
obviously with increasing initial pH solution to basic pH levels. 
Mineralization effect accounted by TOC reduction was absolutely 
obvious with higher efficiencies of 20% more, 29% more, and 
18% more for 2-chlorophenol, 4-chlorophenol, and 2,4-
dichlorophenol, respectively in water with photolytic ozonation as 
compared to ozonation and UV photolysis alone. Increasing initial 
pH of solution made the synergistic effect dramatically expanding, 
which was attributed to more radicals generated and involved in 
the mineralization of chlorophenols. This was probably due to 
increase in mutual destruction of ozone and hydrogen peroxide at 
higher pH value in the initiation and propagation of photolytic 
ozonation as expressed by equations (6)-(8) [25]. 
Initiation of photolytic ozonation: 
O3 + H2O ohv O2 + H2O2   (6) 
Propagation of photolytic ozonation: 
H2O2 o H+ + HO2    (7) 
HO2 + O3 o O3 + HO2   (8) 
Fig.10. Variation of COD removal using different initial wastewater pH and 
ozone dose. Experimental conditions: ozone dose 1.37 mg/min, gas flow 
rate 6 L/min, pressure 146 kPa, temperature 20oC. 
In the present study, COD removal increased with increasing 
pH. By using the same ozone dose, initial wastewater pH of 10 
showed higher COD removal than pH of 7, as can be seen in 
figure 10. These results are in agreement with other 
investigations above [25][26].  
C. Comparison among the methods applied 
In 60 hrs of contact time, the COD removal of 60% was 
reached by UV light systems. However, a major disadvantage for 
this process is the long contact time required when compared to 
either ozonolysis or combined photolysis ozonation. By using the 
same dose of ozone over 20 minutes of reaction, the COD 
removals of 60 and 76% were achieved in the ozonolysis and 
combined photolysis ozonation systems, respectively.  For a 
uniform contact time of 20 minutes used for all four systems, the 
results are shown in Figure 11. In a recent paper, [26] reported 
the comparative studies of homogeneous and heterogeneous 
system on decolourization of reactive red 2 by advanced 
oxidation processes. It was found that decolorization rate 
constants in various systems followed the order UV/O3 ≥ 
UV/O3+TiO2 > O3 and the pH effects illustrated the trend of pH 
10>pH7>pH4. 
Fig. 11. COD removal of the winery wastewater treatment after 
20 minutes contact for different treatment systems 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Variation of COD removal using different initial wastewater pH. 
Experimental conditions:  air flow rate 6 L/min, ozone concentration of 
1.37 mg/min, reaction time 20 min, pressure 146 kPa, temperature 20oC. 
The degradation of the winery wastewater by using UV alone 
is very much lower compared to that achieved by ozonation. The 
ozone-based AOPs are obviously a more effective treatment 
system for pollutant removal in this study. The combination of 
ozone and UV radiation lead to a slight increase of COD removal 
compared with the results obtained in the single ozonation, due to 
the action of hydroxyl radicals generated from the synergistic 
effect of both oxidant agents. This fact is confirmed with the 
positive influence of pH on the degradation process. The 
degradation yield depends strongly on the initial wastewater pH. 
The higher initial pH gives higher COD removal, as illustrated in 
Figure 12. 
4. RESULT AND DISCUSSION 
Comparing the winery wastewater degradation achieved in 
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term of COD removal by the application of UV light, ozonation, 
and combination of both methods, it is clear that the combination 
of UV and ozone is the most efficient. All method is pH 
dependent. The highest COD removal was found at the highest 
ozone dose for all initial wastewater pH values in O3 and UV/O3 
experiments. However, the highest COD removal was found at 
the higher pH (10). Based on the data obtained by the 
comparative investigation of three advanced oxidation processes 
in winery wastewater treatment, combined photolytic ozonation 
(UV/O3) is the obvious treatment choice.  
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Study of Characteristics Habitat of Swamp Buffalo (Bubalus Bubalis) 
From Pampangan South Sumatra  
Yuanita Windusari*, Laila Hanum, and Rahmat Pratama 
Biology Department, Mathematic and Natural Sciences Faculty, Universitas Sriwijaya, Indralaya, 
, Indonesia 60322 
Abstract: Swamp buffalo (Bubalus bubalis) in Pampangan is one of the varieties of native buffalo in South Sumatra. Observation of 
the swamp buffalo in the area Pampangan which include biophysical conditions, behavioral and morphological characteristics has 
been conducted. The aim of this study is to investigate and study the characteristics of the habitat swamp buffalo buffalo based on the 
physical, chemical and vegetation. Purposive random sampling is a method used to obtain the data, by making a quadrant or plot. 
Qualitative and quantitative data are presented in tables, charts, and descriptions to explain the characteristics of the habitat.. The 
result by observation and identification found 10 species of plants that grow in the habitat of the buffalo there are Paspalum sp, 
Eleocharis sp, Digitaria sanguinalis, Brachiaria decumbens,  Andropogon ischaemum, Fimbristylis annua,Oryza rupifogon, Imperata 
cylindrica, Kyllinga brevifolia and Eleusine indica. Enclosure temperature ranged from 23.3 ° C - 29.3 ° C, while the temperature 
outside the enclosure ranges from 24.2 ° C - 31.8 ° C. Habitat of the swamp buffalo in the lowlands dominated by species of 
Cyperaceae and Graminae that be a natural food. 
Keywords: swamp buffalo from Pampangan, habitat characteristics, biophysical conditions.      1 
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1. INTRODUCTION 
Swamp buffalo (Bubalus bubalis) in the area Pampangan, 
District Rambutan, Banyuasin, South Sumatra is one of the 
original buffalo varieties and the genetic wealth of South Sumatra. 
Spread only covers several areas such as Ogan Ilir, mostly Ogan 
Ogan Ilir, and Pampangan, but is often referred to as buffalo 
Pampangan. General characteristics of buffalo this is a form of 
body height and large, black leather, head and ears with long 
hair, short horns circular heading back down, or curved inwards 
and shaped spiral, the body similar to dairy cows udder well 
developed and symmetrical, has a calm temperament (the Animal 
Husbandry Department of Ogan Ogan Ilir, 2012). 
Rambutan sub-district which is customary land with an area of 
approximately 1,200 hectares. Buffaloes population in this region 
tend to grow without being followed by the provision of adequate 
feed due to loss of habitat due to the expansion of human 
settlements. This is a problem in the conservation of these 
animals. (Department of Livestock Banyuasin, 2014). 
Swamp buffalo underlying economic value of this study. 
Pampangan swamp buffalo meat contains high protein and milk 
can be processed into various products such as sugar puan, 
puan sagon, cumin oil and whole milk into a source of income of 
farmers. Quality saplings swamp buffaloes are expected to 
decline as a result of the high inbreeding in the population. 
Decreased availability of natural feed also gives unfavorable 
impact in this cattle breeding. Based on this, research must be 
done to observe and evaluate the environmental conditions of the 
swamp buffalo. Physical, chemical, and biological habitat swamp 
buffalo becomes very important to note. An understanding of the 
habitat of the buffalo provide scientific information to improve the 
quality and quantity of the swamp buffaloes. 
2.  RESEARCH METHODS 
2.1 Description of research areas 
Some parameters of the morphology, diversity, behavior, and 
habitat characteristics swamp buffalo has been done. Survey, 
monitoring and decision-trailer done on the habitat and swamp 
buffaloes in the area of Pampangan, Rambutan district, 
Banyuasin, South Sumatra of Indonesia using purposive random 
sampling methods. 
Data collected through direct observation, observe, record, 
and create documentation about the swamp buffalo habitat 
conditions. Quantitative and qualitative data will be tabulated, 
analyzed and described to explain the characteristics of the 
habitat. The location of sampling consists of 4 location is 
determined based on the type of vegetation and areas frequented 
by livestock for eating buffalo. Conditions sampling area are 
shown in Table 1 and Fig. 1 
Fig 1. Location of research and sampling area conditions 
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TABLE 1. DESCRIPTION OF  RESEARCH AREAS 
Location Description Ordinates  
A This location is within + 1 200 m from 
the cowshed and always passed by 
buffalo in the morning. Buffalo spends 
his time in the morning to find food in 
this area 
S 03º 07 878 ' 
E 104º 56 765 ' 
B The location is within + 1.5 Km from 
the cowshed and always is passed by 
the buffalo around noon at 11:00 to 
13:00 am. The area is surrounded by 
a stream that is used buffaloes to 
wallow 
S 03º 07 830 ' 
E 104º 56.75 ' 
C This location is within + 3 200 m of 
the location 2. Buffalo always spend 
their time foraging and wallowing in 
this area at 1:00 p.m. to 15:00 am. 
S 03º 07 546 ' 
E 104º 57 079 
D The location is within + 1 km from the 
location 1. Buffalo always spend their 
time foraging in the area in the early 
afternoon today starting at 15:00 to 
17:00 hrs 
S 03º 07 470 ' 
E 104º 56 556 ' 
 
2.2  Sampling methods 
The sampling technique used Quadrat Sampling Technique 
(Kusmana, 1997). Samples were taken at 2mx2m sized area in 
each location (Table 1). Do the calculation of the dominance 
index of vegetation in buffalo habitat potential as a natural food. 
Measurement data is recorded in a tally sheet. Criteria growth 
ranging from seedlings to a vegetation height of less than 1.5 
meters. 
2.3 Observations of Factor Physical, Chemical, and Biological 
habitat 
Temperature and humidity inside and outside the cage  
enclosure intended to infer the effects of those changes on its 
impact on animal comfort. Measurement of the temperature and 
humidity outside the enclosure carried at a distance of 100 m 
from the cage. using Thermohygrometer. Also conducted 
measurements of temperature, humidity, and pH of soil use Soil 
Tester. Interview, observation and documentation carried out to 
supplement describe the characteristics of the habitat and the 
swamp buffalo that occupy the region. 
Identification carried out on the morphology and 
characteristics of potential vegetation as feed. Identification of 
vegetation refers Steenis et al., (2006), Banner, R, (2011), Brown, 
L (1979), Undersander, D (1996), Welsh, S.L (2003). 
Shannon diversity index (H ') is used to determine the 
diversity of vegetation and are calculated using a formula Odum 
(1994). The H 'value ranges between 0-7 with the following 
criteria a) the value of 0-2 means that species diversity is low; b) 
the value of 2-3 means the diversity of species classified as 
moderate; and c) the value of more than 3 means diversity is high 
(Barbour et al., 1987). 
 
 
3. RESULTS AND DISCUSSION 
3.1 Environmental Conditions Habitat  
Buffalo habitat conditions in the District Rambutan is a marsh 
or the small river tends flooded throughout the season. In the dry 
season, the puddle used for a soak or swamp buffalo to wallow, 
but the season is very dry the puddles or swamp can be dry or 
low tide. Vegetation grows wild in almost all environments 
swamp. In the rainy season, these tend to be submerged 
vegetation. 
pH of the water at some point sampling showed high levels 
of acid (pH range between 3-4). Rainfall affects the acidity 
content of water and grass that can be eaten by the buffalo, even 
though grass vegetation tend to thrive in the rainy season. 
However, due to the high water, the buffalo for food up to the 
middle of the swamp.  
 
TABLE 2. VALUES OF PH AND SOIL HUMIDITY 
 
Plot Location pH 
moisture 
humidity 
I S 03º 07.878’ 
E 104º 56.765’ 
5,20 4,50 
II S 03º 07.830’ 
E 104º 56.75’ 
5,10 5,90 
III S 03º 07.546’ 
E 104º 57.079’ 
5,10 3,90 
IV S 03º 07.470’ 
E 104º 56.556’ 
5,60 5 
 
Soil pH in these habitats tend to be acid ranged between 5.10 
to 5.60. According Poerwowidodo (1991), causes soil acidity is 
the H+ and Al3 + ions that are in the soil solution and absorption 
complex. Both of these cations affect the acidity of the soil in 
different ways. The difference is related to the source and nature 
of the charge which absorbs cations that. Michael (1991) adds 
that the pH value of the soil to plant growth is between 5.0 to 8.4 
for a pH range of this bacteria is commonly found soil conditioner. 
Generally, plants are able to withstand the ups and downs of pH 
in the range which is not too extreme. 
Fig 2. Some swamp buffalo habitat conditions: (a). Puddles dry, (b). The 
river that became the place to soak in the dry season, (c) grassland, and 
(d). Puddle to wallow. 
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The temperature on the inside and outside of the cage 
showed differences tend to be different at night and during the 
day. The temperature inside the enclosure (23,3ºC - 29,3ºC) tend 
to be lower than the temperature outside the enclosure (24.2 ºC-
31,8ºC). This condition is believed to be influenced by the 
weather and the season. Observation of air humidity inside and 
outside the enclosure indicates the humidity inside the enclosure 
(RH 72.8% - 92.1%) tended to be higher than the outside of the 
cage (RH 55.9% -87.8%). Humidity effect on the mechanism of 
regulation of body temperature, heat dissipation, and the effect on 
perspiration or through respiration will be faster (Parakkasi, 
1995). 
4.2 The vegetation in the swamp buffalo habitat  
The results of the identification of vegetation in these habitats 
and observed for preferred and eaten by buffaloes found 10 
species of grass that comes from two families that Cyperaceae 
and Graminae. Tenth it is Paspalum sp, Eleocharis sp, Digitaria 
sanguinalis, Brachiaria decumbens, Andropogon Ischaemum, 
Fimbristylis annua, Oryza rupifogon, Imperata cylindrica, Kyllinga 
brevifolia and Eleusine indica. 
The families that most species are Graminae with 7 species 
and is found present in all the plots, while the family Cyperaceae 
has only 2 species. Based on Table 2 are known Paspalum sp, 
Andropogon ischaemum and Eleocharis sp is the species with the 
highest attendance rate. This is evidenced by the discovery of 
this species in the three plots were observed, whereas Digitaria 
sanguinalis, Brachiaria decumbens, Oryza rupifogon, and 
Eleusine indica found on two plots of observation.  
The species with the lowest attendance rate is Fimbristylis 
annua, Imperata cylindrica, and Kyllinga brevifolia found only in 
one plot.  
Morphology of grass were found present in the swamp 
buffalo habitat is shown in Figure 3. 
 
 
 
 
 
 
 
  
Fig 3. The types of grass that is found present in the habitat swamp 
buffalo is A. Kumpai minyak (Paspalum sp), B. Kumpai tembaga 
(Branchiaria decumbens), C. Kumpai berbulu (Digitaria sanguinalis), D. 
Kumpai padi (Oryza rupifogon ), E. Alang-Alang Lebak (Fimbristylis 
annua), F. Rumput pasir (Andropogon ischaemum), G. Rumput kasur 
(Eleocharis sp), H. Ilalang (Imperata cylindrica), I. Rumput teki (Kyllinga 
brevifolia), and J . Rumput belulang (Eleusine indica). 
3.3 Importance Value Index (IVI) 
Based on the calculation of the Importance Value Index (IVI) 
of each species of grass are found, it is known that the highest IVI 
(59.48%) was found in Eleocharis sp that followed Paspalum sp 
(41.8%). These values indicate that both types of grasses 
dominate and an important role in the swamp buffalo habitat in 
District Rambutan, and a source of natural food. The lowest index 
value of 8.34% was found in Fimbristylis annua and Imperata 
cylindrica.  
Index of species diversity in the habitat swamp buffalo grass 
in the District of South Sumatra Rambutan is 0.69. These values 
indicate that the diversity of species in the habitat is relatively low. 
Based Barbour et. al. (1987) H 'value smaller than 1 means the 
diversity of species in a habitat is low.  
Diagram 1. Importance Value Index (IVI) of the types of grass 
 
4. CONCLUSION 
Based on the observations it can be concluded that 
1. The physical condition of the habitat is a swamp area that 
tend to inundated throughout the season, but in the dry 
season is very dry or just a mud puddles. 
2. The chemical conditions of the habitat is likely to acidic (pH 
5.10 to 5.60); and the temperature inside the enclosure 
(23,3ºC - 29,3ºC) tend to be lower than the temperature 
outside the enclosure (24.2 ºC-31,8ºC) 
3. The species that grows in the habitat there are 10 species of 
grass from 2 familia (Cyperaceae and Graminae) which also 
has potential as feed is Paspalum sp, Eleocharis sp, Digitaria 
sanguinalis, Brachiaria decumbens, Andropogon 
ischaemum, Fimbristylis annua, Oryza rupifogon, Imperata 
cylindrica, Kyllinga brevifolia and Eleusine indica 
4. Habitat dominated swamp buffalo Eleocharis sp (relative 
density of 44.48%) and Paspalum sp (relative density of 
26.78%); the Importance Value Index (IVI) is the highest 
(59.48) was found in Eleocharis sp and the lowest (8.34) was 
found in Fimbristylis annua and Imperata cylindrica 
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Abstract: Software Defined Network (SDN) is new concept to design, to manage, and to implement a network,  and the most principal 
is to support a needed and inovation which is more complex. The OpenFlow is an implementation of Software Defined Networking 
(SDN) in which provide network setting, easy. therefore, network control will be centralized. The university as a center for study and 
information needs an easy and fast network to  support all of the activities. The OpenFlow standard enables switch network to divide 
traffic to the server based on rules packet which is installed by the controller. By separating control plane as data plane configuration 
which has to receive configuration on network made  a network could be seen as a logical entity and programmed, so OpenFlow can 
implemented to diversion traffic. Optimizing bandwidth which have two lines network  or more in equally and to divide cumulative load 
network or to diversion traffic, it could be used SDN concept, couse it has open interface which has an entity software/application to 
control connection which has been served by a few network power, and to control traffic flow which follows, and do the infection to 
network or to modify the traffic. 
Keywords: Diversion Traffic; SDN; OpenFlow 
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1. INTRODUCTION 
The advantages of network as a tool of communication is 
more highly, in this moment especially in networking which is 
more complex. The use of networking is more highly whether 
software or hardware, so it makes many technologies which have 
a good network, that is needed by users [1]. 
The rapidly of data communication technology is more 
develop by the time. It needs right planning to develop a good 
network. In line network, server have a role important. One of the 
best solution is by doing distribution of load balancing [3]. 
The distribution processed by using load balance to two line 
connection, so it makes balance to the network infrastructure. If 
one of line traffic has overload so it will diversion traffic to another 
line. To continue the communication without waiting idle traffic 
positioning so communication could be maximize and effisien. 
2. LITERATURE AND BACKGROUND 
A.Software Defined Network 
Software Defined Network (SDN) is a new concept to design, 
to manage, and to implement network, especially to support a 
needed and innovation in this net, that has more complex. The 
base concept of SDN is by dividing explisit between control plane 
and forwading plane,  and by doing abstraction system and to 
cover the complexity in which component or sub system by 
detinate standard interface. 
There are many aspect that  has more important by using 
SDN, such as: 
1. Separatelized between forwarding/data-plane and 
control-plane 
2. Interface standard (vendor-agnosic) to programme 
network. 
3. Centralized Control-plane  or network operation system. 
That cloud make logical map by all the network such as 
API (Application Programming Interface) 
4. Virtualized, which is many network operation system 
could control (slices or substrates) by the same network. 
The facts of SDN with innovation needed to the network are more 
complex. 
1. Virtualized and Cloud: are component and entity hybrid 
network between bare metal physically  and virtual. 
2. Orchestration and Scalability: are ability to role and 
manage thousands network by a point of management. 
3. Programmability and Automation: are ability to change 
network behaviour and to do the changes automatically, 
for example : troubleshooting,  policy changes, etc.  
4. Visibility : is ability to monitor network, such as 
resourches, connectivity, etc. 
5. Performance: is ability to maximize the use of network 
for example optimizing bandwidth, load balancing, traffic 
engineering etc. (connectivity with Programmability and 
Scalability)[5].  
B. SDN Architectur 
At SDN concept, it has open interface which has posibility 
an entity software/aplication to do the connectivities which 
has been served by resourches network, to do the traffic line 
which passes to the network, and the inspection to modify 
that traffic. 
The picture show SDN architectur with its components 
and connectivity. 
 
Fig.1. <SDN Architectur> 
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SDN Architecture are 
x In infrastrukture (data-plane / infrastructure layer): parts of 
sub network, that could role SDN Datapath based on 
instructions which is given by Control-Data-Plane Interface 
(CDPI). 
x Control (control plane / layer): entity control (SDN 
Controller) translates application needed to infrastructure by 
giving right intruction to SDN Datapath and good information 
that needed by SDN Application. 
x Application (application plane / layer): stay on the first 
layer, communicate via NorthBound Interface (NBI) system. 
Management and Administration have responsibility to 
inisiation sub network, to pair with SDN Datapath by SDN 
Controller, or configuration (coverage) by SDN Controller and  
SDN App [5]. 
C. OpenFlow 
OpenFlow is an open standard that offers controlling the 
networking equipment pro-grammatically. It was originally 
designed for network researchers to test their experi-mental 
protocols on real networking hardware devices and campus 
networks that repre-sent everyday networking environment like 
LAN and WAN. The networking research community has been 
facing extremely high barriers to experiment new ideas or proto-
cols with the production or traditional networking environment. In 
order to use the available networking hardware and deployed 
network to test on experimental protocols and new ideas, 
OpenFlow emerged out in late 2008, and released its first 
specifications in December 2008 [9]. 
OpenFlow offers a control program for the network 
administrator to run properly by taking the flow from the source to 
the destination, and take advantage of the flow-based processing 
for packet forwarding. OpenFlow offers a way to eliminate the 
router to define packet processing path, saving power and cost in 
network management primarily in expanding the network.[9]. 
3. DESIGN AND IMPLEMENTATION 
In this chapter, Implementation of traffic diversion was 
conducted in the laboratory of electrical engineering UIN Sunan 
Gunung Djati Bandung. 
A. Hardware 
Hardware used is as follows: 
- Prosesor : Intel Core2Duo E7400 2.8 GHz 
- Memory : 1 x 1 GBytes DDR2 SDRAM 
- Network Interface Card (NIC) : 1 x PCI Gigabit Ethernet 
1 Gbps dan 2 x PCI Fast Ethernet  100 Mbps 
- Media Penyimpan : 1 x SATA 80Gbyte 
B. Software 
Title must Software which is used in this experiment is open 
source software. 
- Operation System  GNU/Linux Debian 7.8 (Wheezy) 64 
Bit 
- Open vSwitch ver. 1.4.2 
- Bandwidth Monitor NG (bwm-ng) v0.6  
C. Operational System 
Linux Operating System used on all computers, real or virtual. 
GNU / Linux Debian operating system selected is free and open 
code (open source). Debian has one policy in any publishing 
software must be stable and all hardware is supported Debian 
should be run so that if one only hardware not supported by the 
software, Debian will not be published. Therefore, the expected 
operating system GNU / Linux Debian completely stable when 
used in this implementation [10]. 
D. Open vSwitch 
Open It functions as a virtual switch, provides connectivity 
between virtual machines (VMs) and physical interfaces. It also 
emulates OpenFlow protocol in Linux based vir-tualized 
environment including XenServer, kernel based virtual machine 
(KVM), and VirtualBox. It has implemented OpenFlow protocol 
v1.0 and onwards, the latest version v1.9.0 includes support for 
IPv6 as well, which is specified in OpenFlow v1.2 and on-wards. 
In addition to OpenFlow, it supports many other traditional 
switching techniques including 802.1Q VLAN, QoS configuration, 
802.1ag connectivity fault management, and tunnelling 
techniques such as generic routing encapsulation (GRE) 
tunnelling. [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. <Architectur of the Open vSwitch> 
The architecture of Open vSwitch can be seen in Figure III.1 
below, where ovsdb-server is the database holding the switch 
level configuration, and ovs-vswitchd is the core component of the 
Open vSwitch. Ovs-vswitchd supports multiple datapaths, and 
checks datapath flow counters for flow expiration and stats 
queries. Ovs-vswitchd is the communication hub that 
communicates with outside world, ovsdb-server, kernel module 
and the whole Open vSwitch system. VMs connect to the Open 
vSwitch kernel through virtual interfaces, and kernel provides 
connectivity to OpenFlow protocol and the under-lying physical 
interfaces [9]. 
E. Controller 
Controller is a central entity at control plane which has fuction 
to update and erase entry table flow on switch, and as function 
primer, controller can do as routing and acces network [9]. 
NOX and POX are two complementary Open Source control 
platforms for Software Defined Networks. NOX is the original 
OpenFlow controller which initially developed at Nicira Networks 
side-by-side with OpenFlow. Since the time it being released 
under the GPL in 2008, it has been used by dozens of research 
groups as well as industry stakeholders. The most recent version 
of NOX represents a change of focus: providing a lighter, higher-
performance framework for controller development using C++ on 
Linux. NOX modules were originally written in C++ or Python [19]. 
The development of NOX has brought up some issues when using 
two programming languages in implementation. Thus, POX is 
developed to run purely in Python and the Python modules in NOX 
is removed so that NOX can be a better platform for those who 
want to develop a controller module in C++. Besides, NOX is more 
difficult to deploy than POX. Most of the users find it difficult to 
build and run NOX in their network environment because of NOX’s 
high number of dependencies [12]. 
POX is actually NOX's younger sibling project. In contrast with 
NOX that targets high performance, POX primarily targets 
research and education. It aims to facilitate jumping right in to 
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SDN, and rapidly prototyping new ideas. POX applications are 
written purely in Python, and run easily on Windows, Linux, and 
Mac OS. The research group in Stanford University uses POX for 
research on key problems of SDN: abstractions, programming 
models, and debugging tool. Their intention is to continually move 
good ideas from research to the public release of POX, attempting 
to converge on a prototypical modern SDN controller design, with 
a meaningful collection of applications, and a suite of tools for 
debugging and simulation [12]. Therefore, we chose to use POX 
controller because it is more user friendly and easier to implement 
[12]. 
F. Implementation of Diversion Traffic 
Topology models used is implementing the diversion of traffic 
are is follows: 
 
 
Fig.3. <Architectur of the Open vSwitch> 
x As network implementation, by the different high of 
bandwidth, and then seeing by BWN-NG programme as 
changing traffic information. 
x Bandwidth management has been placed before OVS. 
Management bandwidth which had been set into 10 Mbps, 
so the traffic goes to the line 1, and more than 10 Mbps is 
20 Mbps it goes to the line 2. 
To more clearly Look at the following flow chart, figure. 4. 
 
Fig.4. <The Flow Diagram> 
Figure.4. Shows the Flow Digram diversion traffic is 
processing which have been used OpenFlow and shows that 
using OpenFlow will be do diversion traffic. 
4. RESULT 
x After the text edit has been completed, the paper is ready 
for the template. Duplicate the template file by using the 
Save As command, and use the naming convention 
prescribed by your conference for the name of your paper. 
In this newly created file, highlight all of the contents and 
import your prepared text file. You are now ready to style 
your paper; use the scroll down window on the left of the MS 
Word Formatting toolbar. 
x Doing experiment is by doing download by client to server. At 
the same time, traceroute has been done to the server to 
client to see packet line which is passed. When bandwidth 
has been set into 10 Mbps, traceroute result showed the line 
packet which is passed, is 192.168.1.1 Æ192.168.2.2. Æ 
192.168.3.2 Æ 192.168.6.2. 
x More than 10 Mbps (20 Mbps), it showed 192.168.1.1. Æ 
192.168.2.3. Æ 192.168.4.2 Æ 192.168.5.2 Æ 192.168.6.2. 
5. CONCLUSIONS 
By doing the experiment above, it showed, that the traffic 
could be diversioned by using openvswitch. When the traffic is not 
more 10 Mbps. It passed into line 1 it showed by the tracerout 
result is 192.168.1.1 Æ 192.168.2.2 Æ 192.168.3.2 Æ 
192.168.6.2, but it the traffic comes up more than 10 Mbps, it 
changed into line 2, by the high capacity more 10 Mbps, and the 
traceroute result is 192.168.1.1. Æ 192.168.2.3 Æ 192. 168.4.2 
Æ 192.168.5.2 Æ 192.168.6.2. 
By this diversion technique, sending information is going to 
run well, whether, when the traffic comes up, it will be change to 
the long line. So, it makes big delay. 
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Abstract: Reasoning system is currently widely used as a method in solving cases, both new and existing, both simple and 
complicated though. One of them was using CBR (Case-Based Reasoning). To get the solution of a case exists, and then the system 
will work for similar cases in the base case by finding the level of similarity most tow. The method used is to find the value nearest 
neighbor. Nearest neighbor used to look for similarities between the cases stored in the case which is intended to see how close the 
resemblance. There are four steps in using this CBR method, namely Retrieve, Reuse, Revise and Retain. The fourth steps are useful 
in the finding the equation cases, both the existing and the possibility of new cases emerge. It could be applied in decision-making 
courses in STMIK Atma Luhur Pangkalpinang. 
Keywords: CBR method; nearest neighbor; reasoning system.       1 
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1. INTRODUCTION 
There are now a lot of problems in our life. Any problems that 
come one after another like have no end. This issue is certainly a 
frightening specter for everybody if slow addressed or solved. To 
handle typically require an aid in identifying the existing problems. 
Moreover, the problems that come and go, the problem is that's it, 
so we also found out that this problem already exists, or at least 
once or exactly the problem then. There is also the problem that 
arises is the new problem. The new issue is the one that requires 
at least new solutions to overcome them. 
Then a new problem that has to be kept in our memories, so 
that later emerged that the same or similar cases, it is not difficult 
to solve. This is what triggered the existence of an artificial 
intelligence-based technique to assist people in dealing with the 
problems that exist. One solution is to use a technique based on 
existing cases or so-called CBR (Case-based Reasoning). CBR 
will be implemented campus STMIK Atma Luhur Pangkalpinang 
in solving problems that arise. For example, the problems are in 
determining the subjects of each semester. The purpose of this 
implementation CBR method in its implementation in order to 
provide convenience for the academic part and help lecturers to 
determine the schedule of any subject that can be taken by 
students every semester. For it, then the CBR method greatly 
helps solve the problem of selecting courses every semester by 
looking at previous data that is stored in the database. 
One of the highest impact CBR applications areas is 
recommender systems. In addition to their practical challenges, 
they provide a rich vein of research challenges, especially related 
to determining product (case) similarity [1]. 
2. CASE-BASED REASONING 
The origin of implemented CBR system was named CYRUS, 
which based on Schank’s dynamic memory theory and a question 
and answer system about travels and meetings of an US former 
Secretary of State [2]. Case-based reasoning has been 
successfully integrated with other reasoning modalities in multi-
modal reasoning system [3]. The debate between case-based 
reasoning and model-based methods can be conducted on at 
least two levels by at one level and at another level of 
assessment, so CBR is based on a theory of reconstructive 
memory [4].  
According to [5] the stages of reasoning in CBR systems, 
based on cases, are known as classical R4 cycle which cases are 
the main object in CBR systems. The R4 cycle is retrieve 
(process of extraction of one (nearest neighbor) or a group of 
cases (k-nearest neighbors) having closest definition to the 
current problem), reuse (reuse of the solutions of chosen in the 
first step one or k-nearest neighbors), revise (decision propriety 
and utility verification, made on the Reuse stage), and retain 
(saving the new solution in the case base for using in the future, if 
it is successful). This R4 cycle you can see at Figure 1. Whereas, 
according to [6] CBR systems solve new problems by re-using 
the solutions to similar, previously solved problems. The main 
knowledge source for a CBR system is a database of previously 
solved problems and their solutions; the case knowledge. 
 
Fig.1. CBR 4R Cycle 
 
According to Figure 1, the case (problem) comes. Then the 
case is previewed by checking the case-base data that is stored 
beforehand, whether there is the same case (problem) which 
almost like or not. If existing, the case goes can be settled. If not, 
the case would be entering a phase namely reuse. In this phase, 
the case becomes the new solution proposed. After that, it 
revised again to be the solution that has been confirmed 
(confirmed solution). And the last step namely retains, the case 
(problem) can be able inserted into main case-base data.  
In CBR, new solutions are generated not by chaining, but by 
retrieving the most relevant cases from memory and adapting 
them to fit the new situations [7]. The characteristic of CBR 
system are having a complex knowledge acquisition is avoided, 
simple maintenance of the knowledge in the system, high quality 
of retrieved solutions, high efficiency by problem-solving, better 
reuse of existing data or knowledge, and user acceptance [8]. So, 
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case-based reasoning means a methodology to model a human 
reasoning and thinking for building intelligent computer systems.  
3. CBR RELATED TO DETERMINING THE COURSE 
In the present study, the methodology used in the calculation 
of CBR is to use a measuring tool of CBR itself. Namely, by 
carrying out a technical diagnosis of cases (in this study is to 
determine the courses that will be taken by students each 
semester), following a technical diagnosis is completed; the next 
step is to diagnose its case-base preexisting to compare the two. 
Before providing the three implementations for the similarity 
function, concerning structural and semantic aspects from 
functional service descriptions [9]. 
In web services, similarity computation is one of the major sub 
processes of clustering mechanism and computes the similarity 
values using semantic similarity calculation and the values like 
user keyword, cluster size, web services and data objects [10]. 
In the following sections, describe the application of CBR 
concepts into determine the course and selection would be 
defined in several types: 
A. Case Representation 
Case representation is the initial presentation of a case into 
the situation of the problem (in this case is the determination of 
courses in subsequent semesters). Representation depends on 
requirements of domain and task with structure of available case 
data. In case representation known as flat feature-value list (like a 
database record), such as simple case structure is sometimes 
sufficient for problem solving, easy to store and retrieve in a CBR 
system, and suitable for shallow technical diagnosis, product 
recommendation, and others [11].  
B. Solving a Diagnostic Problem 
In this type, make sure to make a several observations about 
new problem. But, not all features must be known early, because 
the new problem is a case without the solution part. After that, 
please compare the new solution with each case and select most 
similar case(s). Remember, similarity is the most important 
concept in CBR. 
You can purpose of similarity is to select cases that can be 
adapted easily to solve the current problem and/or have (nearly) 
the same solution to the current problem. With the basic 
assumption are similar problems having similar solutions [12]. 
C. Similarity and Retrieval 
In this phase, the degree of similarity equals with utility or 
reusability of the solution. The aim of similarity modeling or 
computation are providing a good approximation and easy to 
compute. But, the difference approaches can use nearest 
neighbor, ML-classifier, statistical clustering, and fuzzy set or 
logic. 
In this case, the approaches we can use nearest neighbor. 
Why we choose the nearest neighbor approaches? Because, it 
was the most widely used technology in CBR and it also provided 
by the major of CBR tools. This can be represented by the 
equation:  
        ݈ܵ݅݉݅ܽݎ݅ݐݕሺܶǡ ܵሻ ൌ σ ݂ሺ ௜ܶ ൅ ܵ௜ሻ௡௜ୀଵ ܺ ௜ܹ    Ł 
Equation (1) have a meaning algorithm, the similarity of 
problem (T - target) case to a source case (S)  in the 
case-library is determined by similarity function (f) for each (i) is 
case attribute. This similarity measure may be multiplied by a 
weighting factor (W), then the sum of the similarity of all attributes 
(n – the number of attributes in each case) is calculated to 
provide a measure of the similarity of that case in the library to 
the target case [13].  
D. Reuse and Adaptation 
According to [14] on [15], the result of the similarity measure 
allows the system to decide on the adaptation to perform and 
different forms of adaptation exist, such as null adaptation, 
transformational adaptation (including substitution and structural 
adaptation), and generative adaptation. 
4. RESULTS 
In the face of changes in the curriculum of every year to take 
one course per semester, the first step to determine this is 
analyzing the system architecture first. After them come may find 
a solution to problems (cases) one by one. 
A. Analyze the System Architecture 
The architecture of determining the course is shown in Figure 
2 which there is three layers, including system data layers, 
system function layer and user interface layer. 
User interface layer mean the interface of Course System, 
whose main function is receiving requests that user input from 
interface, meanwhile, system function layer includes creation and 
processing of cases as well as the recommender reasoning 
function, and the last is system data layer. It includes three parts, 
case base (accumulated and renewed constantly during the 
process), the user case, and similar user case. 
B. Interface Layer 
In Course system, the user (student) chooses the learning 
source features according to their relevance from his or her point 
of view. The user selects five features, among others, course title 
(keywords), semester, course’s availability, course credits, and 
grade. The features are given weight values in decreasing order 
between 5 and 1. The first feature chosen has the high value (5) 
of weight, and the last one has the least value (1). So, in this 
case, student would like to choose course title for 5, semester on 
4, course’s availability on 3, GPA on 2, and course credits on 1, 
while the main function of system data layer is gathering data to 
be used by the CBR Recommender System. 
C.    Case Representation 
Each attribute in the problem is assigned a weight value 
according to its relevance expressed in the user’s query such as 
shown in Figure 3. as an example. 
 
Case 1: 
Name: Harrizki A.P. 
Address: Pangkalpinang 
 
Birthday: 13.04.1986 
Type: A 
                Feature                 Issued at: 20.08.2016        Value 
… 
 
Fig.3. Sample of a case representation 
 
In this case, it would like to be Course Title, Semester, 
Course’s Availability, GPA, and the last one is Course Credits. 
That does all can be found in Figure 4 which discuss about 
determining the course. 
D.      Similarity and Retrieval 
Similarity is assessed for each other shown on Figure 5, and 
similarity depends on the feature value with different weights 
(importance), including how high importance and how low 
importance is. And it has shown on Figure 6 for comparing the 
new problem with case that already exists. 
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Case 1:   Case 2: 
Title: English 1  Title: English 1 
Semester: 1   Semester: 1 
 
Availability: Yes  Availability: No 
GPA: min. 2,00  GPA: min. 3,50 
Credits: 2 credits  Credits: 2 credits 
…   … 
 
Fig.5. Similarity Assessed Value 
According to Figure 5, there’s only two indicators that have a 
wide range similarity, the available about 0, and GPA about 0,4 
for the similarity value. 
 
Problem: Next semester  Problem: This semester 
Title: English 2  Title: English 1 
Semester: 2   Semester: 1 
 
Availability: Yes  Availability: Yes 
GPA: 2,35   GPA: 2,00 
Credits: 3 credits  Credits: 2 Credits 
 
Fig.6. Comparing New Problem 
 
In Figure 6, we can now determine the course with similarity 
computation by weighted average. The range value is between 0 
and 1 to determine its similarity value. More the same value more 
similarity the case it is. For more details, could be shown on in the 
Table I. 
After we got points from weighted average comparison, next 
we can compute it with normalization factor is 1/25 which the very 
importance feature is 5 and less importance feature is 1. 
According to table 1, it seems we don’t have less importance 
feature. It means similarity computation is: 
 Similarity = 1/25 * [(5*0,8)+(5*0,7)+(5*1)+(5*0,8)+(5*0,7)] 
    = 1/25 * [4 + 3,5 + 5 + 4 + 3,5] 
    = 1/25 * [20] 
    = 0,8 
TABEL I. WEIGHTED AVERAGE COMPARISON 
Indica
tors 
Problems 
Next Semester Current Semester Points 
Title English 2 English 1 0,8 
Semes
ter 2 1 0,7 
Availab
ility Yes Yes 1 
GPA 2,35 2,00 0,8 
Credits 3 2 0,7 
Now, compare with other cases. It’s shown on Figure 7. 
 
Problem: Next semester  Problem: This semester 
Title: Mathematics 1  Title: English 1 
Semester: 2   Semester: 1 
 
Availability: Yes   Availability: Yes 
GPA: 2,00   GPA: 2,00 
Credits: 3 credits  Credits: 2 Credits 
 
Fig.7. Another Comparing Problem 
In Figure 7, we can now determine the course with similarity 
computation by weighted average. The range value is between 0 
and 1 to determine its similarity value. More the same value more 
similarity the case it is. For more details, could be shown on in the 
Table II. 
 
 
TABEL II. WEIGHTED ANOTHER AVERAGE COMPARISON 
Indica
tors 
Problems 
Next Semester Current Semester Points 
Title Mathematics 1 English 1 0 
Semes
ter 2 1 0,7 
Availab
ility Yes Yes 1 
GPA 2,00 2,00 1 
Credits 3 2 0,7 
After we got points from weighted average comparison, next 
we can compute it with normalization factor is 1/25 which the very 
importance feature is 5 and less importance feature is 1. 
According to table 1, it seems we don’t have less importance 
feature. It means similarity computation is: 
 Similarity = 1/25 * [(1*0)+(5*0,7)+(5*1)+(5*1)+(5*0,7)] 
    = 1/25 * [0 + 3,5 + 5 + 5 + 3,5] 
    = 1/25 * [17] 
    = 0,68 
After all, we can reuse the results of first case because it will 
available for the next semester to select the course (from the 
value more closer, 0,8). And immediately store the new 
experience in case base if the diagnosis or similarity gets closer 
or correct. 
5. CONCLUSIONS 
Case-based Reasoning known as CBR technology is 
increasingly employed for some process in Knowledge 
Management. Judging from the results obtained, it can be seen 
that the system is taking courses can be done by implementing 
the similarity of the earlier case. This is what makes the CBR 
strongly supports the decision taken by the academy approach to 
equality and neighbor nearest. 
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Abstract: All Indonesia is a large country with a level of internet penetration continues to grow. 2015 was recorded at 88.1 million 
internet users and internet penetration of 34.9% increased by 9% from the previous year. The internet users as much as 82.8% is the 
Y generation. A total of 85% access using a mobile phone and as much as 31.5% use the internet for commerce and 26.1% for 
services. The problems in this study is how the customer behavior of Y Generation as a mobile commerce in Indonesia. This studies 
purpose tried to look at the customer behavior of Y Generation when conducting a transaction using the mobile commerce and 
adopting mobile commerce. The method used is the Structural Equation Models (SEM) to analyze the factors that influence the 
behavior of Y Generation in the use of mobile commerce. These results indicate that the majority of Y generation as much as 82.8% 
have a fixed behavior to adopt mobile commerce and keep it in the future. The results of these studies confirm that the usability, ease 
of use, mobile commerce is easy to learn, flexibility and compatible in a variety of devices affects the rate of adoption of mobi le 
commerce in Indonesia. The paper concluded with discussion on results for Y generation tends to prioritize the factors of satisfaction 
and confidence in the use of mobile commerce and will continue to adopt it in the future. 
Keywords: customer behavior, mobile commerce, Y generation, SEM, Indonesia.      1 
                                                        
e-mail: john.reimon@gmail.com* 
 
 
1. INTRODUCTION 
Today, Internet is very important.  In Indonesia, internet 
come to grow up. Indonesia is large country with a level of 
internet penetration continues to grow. Indonesian society can not 
escape from the advances in information technology. Information 
technology has affected the way people communicate. Since the 
government to build the Internet infrastructure since the 1980s, 
the number of internet users in Indonesia reached 88.1 million 
users in 2014 and spread throughout Indonesia. Increased rates 
of Internet penetration has increased in the year 2014 to 34.9% 
increased by 9% from previous year. The internet users in 
Indonesia as much as 82.8% is the Y generation. A total of  85% 
access using a mobile phone and as much as 31.5% use the 
internet for commerce and 26.1% for service [1]. 
Generation Y itself is the generation that was born in 
tahun1980-1999 or the current age of 15 -35 years. Generation Y, 
the conditions are now in productive age working and studying in 
high school or in college. From the data of Indonesian Internet 
users as much as 88.1 million, 82.8% of users are the generation 
Y [2] [3]. This means that internet users in Indonesia as 
dominated by the Y generation. In terms of usage, the Internet is 
more widely used by the people of Indonesia for trade affairs by 
31.5% and the services sector 26.1% [1]. 
Mobile commerce in question is an online shopping service 
application accessed mainly via smartphones [4]. Mobile 
commerce will now be called M-Commerce is an evolution in e-
commerce model where customers purchase in accessing 
services using a mobile phone [5]. People are much more like the 
mobile phone because it is more personal and easier to carry on 
the move. Even in some parts of the mobile phone has been able 
to replace the role of a PC or laptop running an application. As in 
accessing M-commerce can be conducted using a mobile phone. 
In accessing the M-commerce applications, experience and 
behavior will determine an application can be accepted by users. 
As stated by Roback that determine the behavior of specific 
response against one or several objects [6]. The better a person's 
response is certainly getting better the behavior that can be given 
to the object. M-commerce in response to the generation Y in 
response to the m-commerce applications is highly dependent on 
the experience of the individual. 
To access the internet, as many as 85% of Indonesian people 
Accessing the internet via a mobile phone, even for the island of 
Java and Bali are a dominant figure of 92% [1]. This shows that 
the growth of accessing the internet through mobile devices very 
rapidly. However, the Indonesian people have not been too bold 
in transacting online. Still as much as 34% use mobile commerce 
for browsing the price and the product to be purchased and only 
27% were actually transaction in mobile commerce or e-
commerce such. What is interesting to observe is as much as 
58% of perpetrators of online shopping are women and the 
remaining 42% were male [1]. 
In this study, an attempt to see whether that be a factor in 
forcing the customer in Indonesia is still low in the adoption of 
mobile commerce in the shop? Another problem will be 
investigated in this study is how the behavior in the use of mobile 
commerce in the Y-generation customer in Indonesia. This study 
attempts to investigate the factors that influence customer mobile 
commerce in Indonesia so that the figure is still low use of mobile 
commerce and how the behavior of customers in the adoption of 
mobile commerce.  
2. LITERATUR REVIEW 
A. Y Generation  
Y Generation refers to a group of individuals born between 
1980 and 1994 at this time has been entered in the middle school 
or college [3]. Compared with the previous generation (X 
Generation), the Y generation is very familiar and easy to use 
electronic equipment in the communication, media and digital 
technologies [7] [6] [2]. In this case, generation Y is indicated to 
use and have a good mobile phone to communicate as well as 
access to internet and their very familiar to use mobile commerce. 
Their activities to access internet >3 hour per a day. 
B. M-commerce 
M-commerce is a new generation of e-commerce [8]. To 
understand more about M-commerce is Necessary first to 
understand e-commerce. E-commerce can be Described as a 
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form of sharing business information, manage business 
relationships, and connect business transactions using a 
computer connected to the telecommunications system [9]. 
Telecommunications system is in the form of private and public 
systems such as the Internet network. Tus, According to Husam 
[10] in their study, defining M-commerce as some of the 
transactions Carried out (such as data entry and purchase) or 
content delivery (such as reports and notifications) with monetary 
value that is done by the network and mobile devices. Mobile 
commerce activities are done using wireless enabled handheld 
devices which include cell phones and personal digital assistant 
and other smart phones [11] [12]. 
Mobile commerce (m-commerce) can be viewed as a subset 
of e-commerce and refers to many transaction with monetary 
value that is conducted via a mobile network Q [13]. M-commerce 
applications have two major characteristics: mobility and broad 
reach. Mobility implies portability, users can conduct business 
real time via mobile devices. With m-commerce, people can be 
reached at any time via a mobile device. M-commerce is 
described as, “e-commerce business processes and models 
carried out on a mobile terminal” [14]. This view can however be 
expanded to include the other M-commerce services e.g. 
location-based services, airtime purchases, ringtone downloads 
and mobile payments (including Point-of-Sale payments) [14]. 
Lucy Gitau [14] defined m-commerce as exchange or buying and 
selling of commodities and services through wireless handheld 
devices such as cellular telephones and personal digital assistant 
(PDAs). This study agree to Lucy Gitau to adopts the definition of 
m-commerce as any transaction, involving the transfer of 
ownership or rights to use goods and services, which is initiated 
and/or completed by using mobiles devices to access computer-
mediated networks with the help of a mobile device.  
 
Perceived Usefulness 
Davis [15] defined perceived usefulness as “the degree to 
which a person believes that using a particular system would 
enhance his or her job performance”. The importance of 
perceived usefulness has been widely recognized in the field of 
mobile commerce. According to Davis [15], Perceived Usefulness 
of a system may be defined as the extent to which individuals 
believe that using the new technology will enhance their 
performance. Lucy Gitau [14] explain that perceived usefulness 
can influence the intention to accept and adopt mobile commerce 
directly or indirectly. Khalifa & Shen [16], in their study argued 
that Information Systems and M-commerce provides evidence on 
the significant effect of Perceived Usefulness on adoption 
intention. Hence it would be essential to include perceived 
usefulness in the model.  
According to Lucy Gitau [14], Perceived usefulness is a 
prominent factor which is widely used in explaining consumer 
behavior towards a new technology. According to Davis [15], 
Perceived Usefulness of a system may be defined as the extent 
to which individuals believe that using the new technology will 
enhance their performance. Therefore perceived usefulness can 
influence the intention to accept and adopt mobile commerce 
directly or indirectly. Khalifa & Shen [16], in their study argued 
that Information Systems and M-commerce provides evidence on 
the significant effect of Perceived Usefulness on adoption 
intention. Hence it would be essential to include perceived 
usefulness in the model.  An empirical studies  support  
Perceived Usefulness as a primary predictor of M-commerce 
adoption [9] [17] [18] [15] [3]. According to Lucy Gitau [14] this 
construct assess the extrinsic characteristics of mobile commerce 
and further shows how mobile commerce can help the users to 
achieve task-related goals, effectively and efficiently. 
Luo Chinxiang [19] in their study at 2014, explored the key 
factors that influence the m-commerce adoption, perceived 
usefulness has a positive effect on user’s perceived value. The 
results portrayed a positive relationship between Perceived 
Usefulness and adoption to use mobile commerce. The similar 
results were also found by Lucy Gitau that there is a relationship 
between perceived usefulness with the adoption of m-commerce 
on online customer [14]. Anjani Malik [9] found that usefulness 
has a determinant of customer acceptance on adoption mobile 
commerce. 
This study have a Hypotheses: 
H1: usability has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
Perceived Ease of Use 
According to Davis [15] Perceived Easy of Use (PEOU) refers 
to the degree to which a person believes that using a particular 
system would be free of effort. Similarly, Hainudin [20] and Kazi 
[2] found that PEOU has a positive effect on behavioral intention 
to use the Internet banking. Guriting and Ndubisi [21] found that 
PEOU had a significant positive effect on behavioral intention to 
use online banking in Malaysia. Anjani Malik [9] found that PEOU 
has a determinant of customer acceptance on adoption mobile 
commerce. 
Lucy Gitau [14]defined perceived Ease of Use (PEOU) as the 
degree to which the prospective user expects a new technology 
to be free of effort. It is further described as the internal belief of 
mental effort involved in using a system. This study defines it as 
the degree to which the user expects the system to be user 
friendly. According to Davis [15],  an individual may believe that 
Kim and Garrison an application is useful, but he or she might 
also find that the system is difficult to use. Many previous 
empirical studies show that perceived ease of use has a positive 
influence in the adoption of mobile commerce (Khalifa and Shen 
[16], Abdulah Kazi [2] , Keung Jong Bong [5]). Many users take 
PEOU as a crucial factor since many of them are common 
citizens who are not necessarily adept in technology. This 
construct should therefore be included in the model. 
According to theory, This hypotheses be assume that : 
H2: Easy of use has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
Perceived Ease of Learning 
Easy of learning can be defined as the ability to understand 
and use an application with a relatively short time [22]. Easy of 
learning shows that a mobile commerce applications can be 
learned quickly and the customer does not require a long time to 
be able to use it at the time of first use [23] [24]. M-commerce is 
easy to learn and quick to be used can provide a higher level for 
a return visit and used continuously by the customer. From the 
research that has been done previously showed that the level of 
learning that is both easy can increase the rate of adoption of m-
commerce [25] [26] 
This study have a hypotheses: 
H3: easy of learning has a relationship of behavior and 
determines in adopting M-commerce among Generation Y in 
Indonesia 
 
Satisfaction  
Customer satisfaction is defined as a pleasurable level of 
consumption-related fulfillment [27] [28].Chen,Huang and Chou
[29] suggested that customer satisfaction plays a critical role in 
WOM behavior because it affects individual motivations to 
recommend products or services. Previous studies have indicated 
that people who feel satisfied are more willing to recommend 
products and services to peers and family. Thus, when customers 
are more satisfied with a store, they are more willing to engage in 
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check-in behavior immediately. Pin Luarn [28] study funding a 
customer satisfaction is positively related to user engagement in 
check-in behavior 
This study have a Hypotheses: 
H4: satisfaction has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
Compatibility  
According to The DOI theory from Rogers [30] [31], also 
articulates that there are five perceived characteristics of 
innovation that forms a favorable or unfavorable attitude towards 
the innovation: Compatibility, Complexity, Observability, 
Trialability, Relative advantage. Roger defined compatibility as 
the degree to which an innovation is perceived as consistent with 
the existing values, past experiences and the needs of potential 
adopters [31]. An idea that is incompatible with the values and 
norms of a social system will not be adopted as rapidly as an 
innovation that is compatible. The similar with that study, Kim-
Choy Chung [3] in his study a founding that a compatibility 
determines the behavioral intent to adopt mobile commerce 
among the Y Generation in Kazakhstan. 
This study have a Hypotheses : 
H5: Compatibility has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
 
Consistency 
Consistency refers to the ability of mobile commerce to show 
the product in the original [2] [32]. This will increase customer 
confidence towards the M-commerce [18]. Consistency refers to 
the trust and the satisfaction. Both of these are related to one 
another. 
According to theory, This hypotheses be assume that: 
H6: Consistency has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
 
Flexibility  
Flexibility is defined as the ability to provide services that vary 
according to customer needs [26]. This definition is more 
appropriate in an m-commerce applications that provide 
appropriate services for customers according to their needs. 
Research shows that customers are likely to use m-commerce 
applications are repeatedly if provided service that is easy and 
flexible so customers are not having trouble [32] [33]. These 
results will influence the customer to adopt the m-commerce. 
This study have a hypotheses: 
H7: Flexibility has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
 
Customer Behavior 
Schiffman and Kanuk [34], in his explanation about consumer 
behavior has said that the concept is all about how people make 
their decisions on personal or household products, with the use of 
their available resources such as time, money and 
effort. Vrechopoulos [35] conducted a study in Finland, Germany 
and Greece and compared adoption rates and consumer 
behavior toward M-Commerce. He found out that consumers’ 
were high in adoption and diffusion due to better quality mobile 
devices, user-friendly shopping interfaces, more useful 
applications and services, lower prices, better security, better 
coverage and higher speed. Similarity Gomathy has founded 
customer behavior has relationship to m-commerce quality [36]. 
3. RESEARCH MODEL 
This present study focused on how the customer behavior of 
Y Generation in Indonesia to the adoption of M-commerce. The 
main motivation for this research was that there was no study 
conducted that involved Y Generation intention to adopt M-
commerce in Indonesia. This research involves 155 respondents 
who wholly Y generation are scattered throughout Indonesia and 
is sampling used in this research. 
The independent variables of this study are perceived 
usefulness (PU), perceived ease of use (PEOU), perceived easy 
of learning (PEOL), Satisfaction (SAT), compatibility (COM), 
consistency (CON), and flexibility (FLE). These independent 
variables may be the determinants that influence dependent 
variable, i.e. intention to adopt (ADOP) M-commerce among Y 
Generation in Indonesia. A self-administered questionnaire was 
used in this research, which consists of two sections. 
According to value theory, hypotheses in this study : 
H1: usability has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
H2: Easy of use has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
H3: easy of learning has a relationship of behavior and 
determines in adopting M-commerce among Generation Y in 
Indonesia 
H4: satisfaction has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
H5: Compatibility has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
H6: consistency has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
H7: flexibility has a relationship of behavior and determines in 
adopting M-commerce among Generation Y in Indonesia 
Fig. 1. Model Research 
4. DATA ANALYSIS AND RESULT 
This research using a quantitate method. This study using 
above theoretical model and hypotheses by using the 
questionnaire and Structural Equation Model (SEM). The variable 
in the model are adopted from existing research literature home 
and abroad, the respondents were requested to grade item on 
five point scale. The item related to Intention to use mobile 
commerce and factors influencing the intention decision were rate 
by using a five point likert scale. 1 represented Strongly Disagree, 
2 as Disagree, 3 as Not Sure, 4 as Agree, and 5 as Strongly 
Agree. Intention to use mobile commerce is the dependent 
variable in this study and other independent variables used in this 
study are perceived usefulness, perceived ease of use, perceived 
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easy to learning, satisfaction, compatibility, consistency, flexibility 
and adoption m-commerce. 
An empirical data for this study was collected via internet 
survey and supplemented paper base questionnaire. The statistic 
found most respondents age in Y generation range is between 16 
and 35. The users have a demographic characteristics of young, 
high education level and who have workers. 
Analysis of measurement model, was used to build conceptual 
model of the measurement model in this study, the fit indexed 
between in data and proposed measurement model was 
generated by SPSS 20. So only fully completed 155 
questionnaires were processed using SPSS version 20. 
Response rate was 99.98 percent linear regression was used for 
statistical testing of data. Variables were tested for reliability using 
SPSS and all values were above 0.7 and more. This is sufficient 
according to M.Syah [8], and for each variable Cronbach’s alpha 
values are given below at Table I. 
TABLE I.  Reliability Statistic 
Variable name 
Table Column Head 
No.  items  Cronbach's 
Alpha 
Perceived 
usefulness 9 0.809 
Perceived easy to 
use 12 0.793 
Perceived easy to 
learning 5 0.859 
Satisfaction  10 0.802 
Compatibility 7 0.826 
Consistency  4 0.889 
Flexibility  6 0.840 
Adoptions  8 0.816 
Structural Equation Modeling (SEM) using SPSS AMOS 20 
revealed sufficient evidence of goodness-of-fit between the 
measuring models and the sample data (factor validity test). 
Structural model created by latent variables to check the 
hypotheses of research was tested by utilizing the maximum-
likelihood calculation technique Subsequent structural test 
produced good fit statistics χ2/df =3168.769, CMIN/df = 1.878 
RMSEA=0.052, CFI=0.983 GFI=0.934 NFI= 0.937. 
5. DISCUSSION 
Result of hypotheses show this study, the H1: usability has a 
relationship of behavior and determines in adopting M-commerce 
among Generation Y in Indonesia generated the second highest 
regression weight of 0.889 a significant regression, generated the 
highest regression and amongst the various determinants. This 
result replicated Batti Tariq [9] and Chung Kim Choy [3],  that 
compatibility affects behavioral intention to adopt M- commerce. 
The H2: Easy of use has a relationship of behavior and 
determines in adopting M-commerce among Generation Y in 
Indonesia generated a significant regression weight of 0.645. 
Respondents indicated that it would be easy for them to learn 
(mean=8.754). These findings reflected the techno savvy 
characteristics of the Y Generation. The H3: easy of learning has 
a relationship of behavior and determines in adopting M-
commerce among Generation Y in Indonesia (regression 
weight=0.178), possibly because M-commerce is currently in its 
infancy in Indonesia. The H4: satisfaction has a relationship of 
behavior and determines in adopting M-commerce among 
Generation Y in Indonesia was also supported (regression 
weight=0.788) a significant regression and suggesting that 
behavioral intent to adopt M-commerce among the Y Generation 
in Indonesia. There was positive support for H5: Compatibility has 
a relationship of behavior and determines in adopting M-
commerce among Generation Y in Indonesia (regression 
weight=0.122). The H6: consistency has a relationship of behavior 
and determines in adopting M-commerce among Generation Y in 
Indonesia, generated a positive to support adopt m-commerce in 
Indonesia (regression weight= 0.247). Finally, the H7: flexibility 
has a relationship of behavior and determines in adopting M-
commerce among Generation Y in Indonesia generated the 
highest regression (regression weight= 0.140). This study showed 
a variable usability has a highest significant support to customer 
behavior to adopt m-commerce Indonesia. The second to support 
is variable satisfaction to adopt m-commerce in Indonesia and the 
third variable is easy of use. This study showed customer 
behavior to adopt m- commerce among Y generation in 
Indonesia. 
6. CONCLUSION 
This study showed that perceived customer behavior with 
perceived usefulness, easy to use, easy to learning, satisfaction, 
compatibility, consistency and flexibility are positive relationship 
of behavioral intent to adopt M-commerce among the Y 
Generation in Indonesia. This study showed to us a perceived 
usefulness, easy to use, easy to learning, satisfaction, 
compatibility, consistency and flexibility has important 
determinants of behavioral intent to adopt M-commerce among 
the Y Generation in Indonesia. Implications for marketers and 
mobile service providers are discussed. The limitations of this 
study are that it has not yet explore other potential factors 
(technology enabler, network aggregator, content provider and 
wireless operators) that may determine behavioral intention 
towards the adoption of M-commerce. 
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Design and Application Water Tank Replenishment using Ultrasonic 
and Infrared Sensors 
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Abstract: Water scarcity is one of the main problems that must be faced by many people in the 21st century. Around 700 million 
people in 43 countries face the water scarcity. The water scarcity can be caused by many factors, one of them are human factors such 
as pollution and excessive water consumption. One possible cause is the use of tap water that is ineffective and wasted water during 
the filling process of water reservoir. This paper presents a system that can release water when there is an object under the water 
faucet, and stop automatically when no object detected under the faucet. The system will also make an automatic filling system water 
tank using ultrasonic sensors, so that the water filling can be done without human operator. Hardware design composed of a power 
supply, ultrasonic sensors, adjustable infrared sensor, Arduino, water pump, and a relay circuit. After testing, the system have ability to 
open the taps automatically using infrared sensors, when an object is detected less than 10 cm, the water will flow, and will  stop when 
the barrier is more than 10 cm. ultrasonic sensors as automatic controls work by sending signals to the Arduino to turn off the pump 
when the distance from the sensor to the surface of the water less than 10 cm and turn on the water pump when the distance more 
than 10 cm. 
Keywords: Arduino, infrared sensor, ultrasonic sensor, water pump.         1 
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1. INTRODUCTION 
Water is one of the most important essential needs for all 
living beings. But unfortunately a huge quantity of water is being 
wasted by uninhibited use.  
Water reservoir has a function as a place to store supplies of 
water. In general, the water container is placed in a high place, so 
we need a water pump to fill it. This is often creates problems 
when trying to fill the sinks and tubs, as it can not be known 
exactly the volume of water in the sinks and tubs. Frequently 
water is loaded already passed the limit of their capacity, so that, 
much water is wasted. This will not only cause wasteful use of 
water but also the waste of electricity costs that must be issued to 
activate the pump. Therefore, we need a system that could 
control the pump to fill a water container and use water more 
efficiently. Some other automated water level monitoring system 
is also obtainable so far but most of the method has some 
shortness in practice. 
Abrar (2010) has design and construct the automated water 
level system with several advantages. Automatic water level 
controller has low maintenance, compact and elegant design. The 
system is fully automatic, with its precise working saves water 
and the motor energy. Automatic controller avoids the seepage of 
walls and roofs when the tank overflows. It also efficient in 
operation and enhances the pump set life. It is ideal as it is 
difficult to access overhead tanks and has safe operation of 
motor/pump within permissible voltage limits [1]. 
A research have successfully experiment the system in lab 
and therefore proposed a web based water level monitoring and 
controlling network which flexibility would offer users to control 
this system from any place via internet even with different type of 
devices [2]. 
Automatic water pump control system utilizes the use of 
diverse technologies in its design, development, and completion. 
The system made by Ebere (2013) used microcontroller to 
automate the process of water pumping in a tank storage system 
and has the capability to identify the level of water in a tank, 
switch on/off the pump consequently and display the status on an 
LCD screen. The research has effectively provided an 
enhancement on existing water level controllers by its use of 
calibrated circuit to indicate the water level and use of DC instead 
of AC power thereby eliminating risk of electrocution [3]. 
In Ali’s research (2009) work, small capacity water pumping 
system is designed, constructed and experimented by using PLC 
and frequency control. The designed system shows the capability 
for full control of flow rate from zero to maximum for any required 
range of time in case of increasing or decreasing the flow rate [4].
In Sankhari (2013) paper had explained about design and 
implementation of water level control system which is wireless, 
automatic, inexpensive and reliable. It uses two Radio Frequency 
transceivers along with a controller each installed at the tank and 
sump. Radio frequency transceivers are used for wireless 
communication. It is totally automated with the assist of a 
microcontroller. The system doesn’t need any attention of the 
user unless the sump is unfilled. Installation cost is reduced 
because the system is wireless [5].  
Based on previous research studies, it can be concluded that 
the most effective filling tubs using water level system. So that the 
objectives of this research is to design and build a prototype 
controller automatic water tank using ultrasonic sensors for water 
expenses, and infrared sensor for filling the water tank. 
Infrared (IR) sensors are generally used as proximity sensors 
and for obstacle evasion in robotics. They offer lower cost and 
more rapidly response times than ultrasonic (US) sensors. IR 
sensors using reflected light intensity to estimate the distance 
from an object, their essentially fast reaction is very attractive for 
enhancing the real-time response of a mobile robot [6]. 
Ultrasonic sensors are often called transducers. The function 
of the transducers is to convert electrical energy into mechanical 
energy which directly corresponds to ultrasonic vibration, and vice 
versa. The most common way of generating and detecting 
ultrasonic waves utilizes the piezoelectric effect of a certain 
crystalline material such as quartz. Since the piezoelectric effect 
is equal, it produces a deformation (a mechanical stress) in a 
piezoelectric material when an electrical voltage is applied across 
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the material, and conversely, it produces an electrical voltage 
when a deformation (a mechanical stress) is applied to the 
material. Thus, the piezoelectric materials can be used for 
generating and detecting ultrasonic waves that are related to the 
mechanical stresses [7]. 
 
2. SYSTEM DESIGN  
The design consists of two parts: hardware design and 
software design. Hardware design divided into two stages i.e. the 
design of electronic circuits and the prototype design of automatic 
water reservoirs. While for the software design is programming to 
run the automatic tub controlling systems. 
Figure 1 illustrates the schematic of research design. 
Adjustable infrared sensor circuit is used as an object detector 
that will work automatically. When the sensor obstructed to an 
object, the sensor will read these objects as a input and generate 
the conditions into "HIGH" is then received by Arduino system 
that will provide a "HIGH" to the solenoid valve. When the 
solenoid receives input from Arduino system it will open the 
solenoid at initial conditions, NC (normally close) will change 
Being NO (Normally Open). 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. System Design 
 
The solenoid valve circuit used as an output when receives 
input from the Arduino. There is a relay circuit on the circuit 
solenoid valve. If the current is applied, it will change the direction 
of the electromagnetic from NC (Normally Close) to NO (Normally 
Open) and vice versa. Ports used as relay input is port 9. 
 At the design stage of infrared sensor circuit with the solenoid 
valve, an infrared sensor functioning as an input that give orders 
to the solenoid output. Arduino pin for infrared sensor is pin 4 and 
as output used pin 12, and entered the port located on the relay.  
In the pumps circuit, we insert relay component. Relay serves 
to give orders to the output when it receives input from the 
ultrasonic sensor. Ports used in the relay are NO as output and 
its input ports located on Arduino pin 9. 
Ultrasonic sensors used pin 5 as a trigger and pin 6 as the 
echo. Infrared sensor used pin 4. Then its output (the pump) 
using pin 12 and electric faucet using pin 9. 
Current type used in the circuit of the pump motor is 220V AC 
current. Pump motor that is used is a pump motor that commonly 
used in fish ponds. 
After making the hardware design of all the components and 
materials used, then the entire system circuit shown in Figure 2. 
 
Fig.2. System circuit schematic 
The next step is to design the software. That is by writing 
program listings into Arduino software using C programming 
language, so that the commands in the program can be executed 
by hardware or system created. 
 
3. IMPLEMENTATION 
After the design phase, the next step is the implementation, in 
this stage will be known the results of the design of hardware and 
software. Figure 3 is the implementation of infrared sensor to 
determine the response if given obstacle. LED lights located on 
the sensor will light up and indicator lights that are on the relay 
will turn off. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.Implementation of adjustable Infrared Sensor circuit and 
Arduino 
 
Figure 4; Ultrasonic Sensor circuit and  Arduino 
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 Ultrasonic sensor serves as a the parameter in the water 
level, when detected obstacle within 10 cm, the indicator light 
located on the relay will turn off and generate sound, if the 
obstruction is more than 10 cm, the indicator light on the relay will 
turn on. 
 Tests performed on each block to determine the performance 
of the tool designed. These tests include: 
1. The circuit testing of Arduino and adjustable infrared sensor 
2. The circuit testing of Arduino and ultrasonic sensor  
3. The circuit testing of Arduino, adjustable infrared sensor, relay 
and solenoid valve 
4. The circuits testing of Arduino, ultrasonic sensor, relay and 
water pumps 
 When the ultrasonic sensor is given obstacles, indicator 
lights on the Arduino will turn on. But when the sensor does not 
receive input or not obstructed the indicator light on the sensor 
and Arduino will turn off, because the initial condition is 0. 
 The ultrasonic sensor is a sensor that can measure the 
distance or height of 2 cm to 400cm. These sensors accept input 
at 5V. The sensor outputs as inputs for analog Arduino pin which 
will be processed into high value or the actual distance. 
 When the ultrasonic sensors detect: that the water has 
reached a height of more than 10cm then it will read and transmit 
the signal to the Arduino and then processed to notify the relay to 
turn on the water pump.. 
 Next stage is testing the circuit of Arduino and infrared 
sensor. Arduino function as control and relay as the receiver 
input. In the testing, the adjustable infrared sensor perform as an 
input, when the initial conditions are Normally Open (NO), and 
given input from an infrared sensor, will change to Normally Close 
(NC). Relay principle is when the coil is given an electric current, 
will appear Electromagnetic force that will attract armature to 
move from the previous position (NO) to a new position (NC) so 
this will be a switch that can conduct electric current in the new 
position (NC) 
 In next test, all circuits of adjustable infrared sensor, Arduino, 
relays and electric faucet, faucet is connected electrically to know 
whether functioning or not. When given an electrical faucet of the 
relay, then it will change the contact coil and generate buzzer, 
because the magnetic fields occur in an electric faucet. 
 Electric faucet will function when the infrared sensor is 
blocked by obstacles and processed by the Arduino to transmit 
data to relay to give commands to the electric faucet for snapping 
a water flow or vice versa. 
 In testing the adjustable infrared sensor with a reflection of 
different media, it did not change anything to the adjustable 
infrared readings from the sensor. Sensor only read when no 
barrier is 1 and when there are no obstructions it is worth 0. Then 
on stage of adjustable-infrared sensor measurements, the results 
obtained, infrared sensor capable of measuring only 2 cm to 72 
cm differ from the specifications written on the component due to 
the quality of materials sensor. 
 
 
 
 
 
 
 
 
 
 
 
 
4. CONCLUSIONS 
 Based on test results on water tank control devices 
automatically, using sensors utrasonik, and adjustable-infrared 
sensor, it can be concluded as follows: 
1. The system is designed successfully created, according to 
the scenario early, that can fill the water continuously until 
the distance between the surface of the water with an 
ultrasonic sensor is equal to or smaller than 10 cm. 
2. This system is very assist the process of filling the water 
tank on large scale because the tool works automatically to 
turn on and turn off the water pump so that operators no 
longer need to wait to turn off the water pump when the tank 
is full and turn on water pump when the tank is empty. 
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Traffic Engineering Simulation using RSVP-TE Protocol on 3rd Layer 
Multiplatform MPLS VPN 
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Abstract: One of the alternatives to overcome network scalability problem and maintaining robust network is using MPLS VPN. 
Besides, MPLS VPN network allows flexible traffic engineering by using RSVP-TE protocol. This paper contains simulation result of a 
MPLS VPN network with traffic engineering using RSVP-TE protocol on multiplatform network i.e. Cisco and Juniper platform. The 
RSVP is tested for the purpose of testing protocol interoperability on MPLS network. The RSVP and LDP protocols are tested on two 
conditions; on stable network and on recovery mode. The simulation involves 3 customer edges (CE), 3 provider edges (PE), and 5 
routers acting as core network from provider. On a stable and less loaded network, the average delay on LDP protocol is 59.41 ms, 
2.06 ms jitter, 0.08% packet loss, and 8.99 Mbps throughput. While on RSVP protocol the average delay is 52.40 ms, 2.39 ms jitter, 
12.18% packet loss and 7.80 Mbps throughput. When failover occurs and on recovery mode, LDP protocol resulting 48% packet loss 
per 100 sent packets while on RSVP packet loss percentage is 35.5% per 100 sent packets. Both protocols can operate on 3rd layer 
multiplatform MPLS VPN. On a heavy loaded traffic, RSVP protocol shows better performance compared to LDP protocol. 
Keywords:Traffic engineering, MPLS VPN, multiplatform, RSVP 
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1. INTRODUCTION 
The convergence of internet with telecommunication allows 
the use of provider’s network resource optimally. For instance, 
Virtual Private Network (VPN) allowing a private data link on 
public network with high scalability and securely assured [16]. By 
VPN, providers could utilize their network on the internet to be 
used as private data communication for users as long as the 
users are connected to provider’s Point of Presence (PoP) 
[16,18]. 
The Internet Engineering Task Force (IETF) standardized a 
solution i.e. Multiprotocol Label Switch as an expansion of VPN to 
increase the performance of forwarding and traffic engineering 
intelligence on packet based network [2,10,18]. MPLS combines 
the advantage of 2nd OSI layer forwarding and routing efficiency 
on 3rd OSI layer to increase the performance by means of label 
switching. This mechanism is consecutively used as a method to 
control traffic flow on the network to ensure the rigidity of traffic 
which is known as traffic engineering. Traffic engineering could 
overcome standard routing protocols such as RIP, OSPF, IGRP 
and others on MPLS network because they try to seek the 
nearest and shortest route [9,10,12,18]. As a consequence, there 
are several hops and certain routes which are overloaded 
because the nature of shortest and nearest route algorithm so 
that traffic congestions occur while other hops and routes are not 
well utilized [10]. 
Among all protocols supporting the traffic engineering, there 
are Resource Reservation Protocol (RSVP) and Constraint-Based 
Routed Label Distribution Protocol (CR-LDP). These protocols 
offer the same functions but different in mechanisms. However, 
RSVP shows an advantage on data transport because it uses 
UDP so it is connectionless. On the other hand, several platforms 
deny UDP access so in a level of data transport, availability and 
accessibility determine which protocols to be used [1,4,5,8]. 
Several researches on testing traffic engineering methods on 
MPLS network have been done in several approaches 
[2,6,7,10,11,14,20]. The research carried by Randy cs. [14], 
applied tunneling and explicit route traffic engineering and 
analyzed the QoS for multicast data transfer on MPLS network. 
The result of their research reveals VPN on MPLS network by 
traffic engineering could support multicast network with 
appropriate expected QoS [14]. The literature approach carried by 
Asif cs. [5] compared the RSVP and CR-LDP protocol parameters 
as traffic engineering protocol on MPLS network. While Dedi 
Usman cs. [4] compared frame error rate, throughput and 
normalized data rate between RSVP and non-RSVP network. The 
analyzed data are voice on the same physical network. The result 
reveals the RSVP network has a lower frame error rate with a 
high throughput and normalized data rate compared with non-
RSVP [4]. The research carried by Mohamad Chaitou cs. [11] 
compared the memory usability of LDP and RSVP together with 
the advance of MPLS. The tested data packet on the network are 
Point to Multi Point (P2MP) multicast data. The result shows 
RSVP-TE is better in a way it utilizes network resource while LDP 
offers constant scalability within an expanding network [11]. All 
the researches show that the operation of RSVP on MPLS 
network is feasible although in some cases it has degradations. 
In reality, the internet is not always a single platform but 
multiplatform from different hardware vendors such as Cisco and 
Juniper. Every vendor has its scalability rule for each of their 
hardware. Therefore, hardware vendors and network providers 
must share the same information to determine which protocols to 
be implemented on MPLS network considering protocol 
determination becomes a crucial factor in order to rank the 
manufacturer’s devices and network providers [6]. 
Based on those backgrounds, the research we are carrying in this 
paper is commencing traffic engineering by adjusting traffic flows 
(override traffic routes) by routing protocol controlling on 
multiplatform MPLS network. The goal of our research is to see 
the RSVP feasibility on multiplatform MPLS network. The 
feasibility will be determined by using its network performance 
(QoS) 
2. SIMULATION DESIGN 
A. System Modelling 
We assume a company XYZ consisting one head office and 
two branch offices connected via VPN network provided by the 
provider. Every branch office consists of two networks and the 
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head office consists of one network. The network provider applies 
the MPLS on their own core network. The system modeling is 
depicted in Fig.1 below 
Fig.1. VPN Network Model for Simulation 
This simulation simulates 3 Customer Edges (CE), 3 Provider 
Edges (PE) and 5 routers as a core network from the provider. In 
multiplatform test, CE router is from Cisco and on core network 
routers and PE are from both Cisco and Juniper. 
On every network in each business location owned by XYZ 
there is a router acting as gateway to connect with PoP owned by 
network provider. In overall, the system topology is depicted in 
Fig.2 below. 
Fig.2. Topologi System 
From the figures above in general there are three main 
components of the system; CE, PR, and Label Switch Router 
(LSR). The three components will be configured to simulate traffic 
engineering on 3rd OSI layer VPN MPLS network. 
The variation of platforms refers to Table 1. Below: 
TABEL I. VARIATION PLATFORM 
No Node Platform 
1 CE-A, CE-B, CE-C, PE-A (LSR1), 
LSR4 
Cisco 
2 PE-B, PE-C, LSR5  Juniper 
 
B. System Configuration 
The traffic engineering in our simulation is basically by 
adjusting traffic flow (override traffic routes) determined by IGP to 
prevent traffic congestions on certain routes by routing protocol 
controlling on multiplatform MPLS network. 
In this research, the RSVP protocol will be used for traffic 
engineering on MPLS network so that network congestion is 
avoided on certain links. The path determination used in this 
research is Explicit Path and Dynamic Path. Explicit path is 
used as a main path in transporting data from each PE and 
Dynamic Path acts as redundancy in case one node fails to 
work. The Explicit Path is depicted in Fig.3 below 
Fig.3. RSVP Explicit Path 
Summary :  
: PE-A – PE-C Primary Path 
: PE-A – PE-B Primary Path 
: PE-B – PE-C Primary Path 
The configuration format in Cisco router appointed to activate 
traffic engineering feature on MPLS network is depicted in Fig.4 
below. 
Fig.4. Cisco Router RSVP Configuration 
 
 
 
Fig.5 below shows the configuration required for path 
determination taken by each PE. 
Fig.5. Label Switched Path Configuration (LSP) 
On MPLS network, the path connecting LSR is called Label 
Switched Path (LSP)[1]. The configuration on Fig.5 above is a 
configuration to form LSP traffic engineering on Cisco router. The 
address to be passed by LSP is determined by separate tunnel 
interface. Fig.6 below shows the configuration for traffic 
engineering at LSR1(Cisco). 
PE-B
(LSR2)
PE-A
(LSR1)
PE-C
(LSR3)
LSR4 LSR5
CE-B CE-CCE-A
Provider Core
Network
Customer XYZ Network
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(PE-B)
LSR1
(PE-A)
LSR3
(PE-C)
LSR5LSR4
P
E
-A
- P
E
-C
E
xp
lic
it
P
at
h
PE
-A
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E-
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PE-A - PE-C Explicit Path
Router(config)#mpls traffic-eng tunnels 
Router(config)#interface [interface] 
Router(config)#mpls traffic-eng tunnels 
Router(config)#router [ospf] 
Router(config)#mpls traffic-eng router-id lo0 
Router(config)#mpls traffic-eng area 0 
Router(config)#interface [tunnel interface] 
Router(config)#ip unnumbered [loopback] 
Router(config)#tunnel mode mpls traffic-eng 
Router(config)#tunnel destination [Destination Address] 
Router(config)#tunnel mpls traffic-eng autoroute 
announce 
Router(config)#tunnel mpls traffic-eng priotity 
[priority number] 
Router(config)#tunnel mpls traffic-eng path-option 1 
explicit name [path-name] 
Router(config)#tunnel mpls traffic-eng path-option 2 
dynamic 
Router(config)#tunnel mpls traffic-eng record-route 
Router(config)#ip explicit-path name [path-name] 
Router(config)#next-address 
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Fig.6. Traffic Engineering Configuration 
With a similar method, configuration on Juniper router can be 
done so the network is set according to plan. 
3. MEASUREMENT AND ANALYSIS 
Network performance measurement is done by 
connecting each host to CE router. The performance 
parameters to be compared are delay, jitter, packet loss and 
throughput. Network performance measurement is done in 2 
conditions; no load (except the measurement traffic itself) 
and loaded (with the additional UDP traffics).  
 
Fig.7. No load Traffic Measurement Model 
To simulate loaded network, the network will be flooded by 
UDP traffics by 50% from maximum traffic load of 4.5 Mbps sent 
from Host-A to Host-B and Host-C. The loaded network 
measurement is depicted in Fig. 
 
Fig.8. Loaded Network Traffic Measurement Model 
The measurement is done using 2 tools; Ping and Iperf. Ping 
is used to determine delay while Iperf is used to send traffic and 
measuring jitter, packet loss, and throughput. The measurement 
is done by sampling data every 60 seconds. 
A. Delay Analysis 
       Delay is a time required by data packet from sender to 
recipient. From 60 seconds sampling, we obtain a delay profile as 
depicted in Fig.9  
 
 
 
 
Fig.9. Delay 
On Fig.9 above it is seen the delay rate of no load and loaded 
traffic within 60s. The delay rate for no load traffic is around 40-60 
ms while the delay rate for loaded traffic is relatively stable 
around 50 ms. 
TABLE II. DELAY RATE 
Condition Delay (ms) 
No-load Traffic 50,24 
Loaded Traffic 52,40 
 
B. Jitter Analysis 
Jitter is a variation of delay as a result of time difference or 
interval of data packet arrival at the recipient. From 60s of 
measurement we obtain jitter graphic as depicted in Fig.10 below. 
 
Fig.10.Jitter 
 
From Fig.10 above it is seen that the rate of jitter from 60s 
measurement on no load traffic is relatively stable around 2.06ms. 
While on loaded traffic the rate of jitter is increased around 
2.39ms with a higher level of variance. 
TABEL III. RATE OF JITTER 
Condition Jitter (ms) 
No load traffic 2,06 
Loaded traffic 2,39 
 
C. Packet Loss Analysis
Packet loss is a rate to determine how much data packets lost 
at the destination. From the measurement for 60s we obtain the 
packet loss percentage as seen in Fig.11.  
LSR1(config)#mpls traffic-eng tunnels 
LSR1(config)#interface Ethernet1/1 
LSR1(config)#mpls traffic-eng tunnels 
LSR1(config)#interface Ethernet1/2 
LSR1(config)#mpls traffic-eng tunnels 
LSR1(config)#router ospf 10 
LSR1(config)#mpls traffic-eng router-id lo0 
LSR1(config)#mpls traffic-eng area 0 
 345
ISBN 979-587-621-1
Fig.11. Packet loss 
Fig.11 shows the rate of packet loss for 60s interval has the 
value os 0.3%. Impulses on the first sample of no load traffic are 
estimated due to external factor which is from simulator system. 
When measuring computer load as a simulator the system 
performance spikes up because of hardware simulation as well as 
data traffic simulations. After the traffic is loaded, the packet loss 
rate is increased about +/- 12%. The rate of packet loss within 
60s measurement is seen on Tabel IV. 
TABEL IV. PACKET LOSS RATE 
Condition Packet loss (%) 
No load traffic 0,30 
Loaded traffic 12,18 
D. Throughput Analysis 
Throughput is how much data packets received by a node 
within certain observation interval. The value is influenced by 
delay, jitter, and packet loss within the network. From 60s 
measurement, we obtain throughput depicted in Fig.12.  
Fig.12.Throughput 
Fig.12 shows the rate of throughput within 60s of 
measurement which has the value of 9 Mbps for no load traffic. 
Because of simulator limitations, although the physical link is 
using 100 Mbps Ethernet and 1000 Mbps Gigabit Ethernet, the 
measured throughput is around 9 Mbps only. While on loaded 
traffic the throughput is reduced to 7.81 Mbps.  
 
TABEL V. THROUGHPUT RATE 
Condition Throughput 
(Mbps) 
No load traffic 8,96 
Loaded traffic 7,81 
 
 
CONCLUSIONS 
Based on network simulation of 3rd OSI layer multiplatform 
MPLS VPN, we conclude:  
x RVSP procotol with explicit and dynamic path can operate within 
the multiplatform network. 
x In a recovery process from 100 sent packets, the rate of loss is 
35.5% 
x On no load traffic we obtain a delay of 50.24ms, jitter of 2.06ms, 
packet loss of 0.29%, and throughput of 8.96Mbps. 
x On loaded traffic of 50% of maximum load we obtain delay rate of 
52.40ms, jitter of 2.39ms, packet loss of 12.18%, and throughput 
of 7.80Mbps. 
x Those QoS values are above the ambient level of operaton so 
that RSVP protocol on multiplatform MPLS with traffic engineering 
is still feasible. 
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Implementation of Fuzzy Logic Control Algorithm in Mobile Robot 
Avoider by Using Omnidirectional Vision 
Rossi Passarella*, Kemahyanto Exaudi, Sutarno and Mas Sunardi  
Department of Computer Engineering, Faculty of Computer Science, Universitas Sriwijaya, Palembang 30139, Indonesia 
Abstract: Mobile Robot avoider is one of the mobile robot that has capability for moving or maneuvering to avoid obstacles. To do this, 
mobile robot used many sensors to identify surrounding environment. One of the sensors that can be used in mobile robot avoider is a 
camera. However, the camera sensor still has a limited viewing angle, to reduce this limitation, we develop a System omnidirectional 
vision which is a system that capable of providing 360° angle information with just one image so that it can reach the surrounding 
circumstances. The speed and movement of the robot avoider set automatically by adopting the method of fuzzy logic. In this research, 
the testing phase is done 2 times on the track corridor of the swivel. The test results show that the mobile robot is maneuvering very 
well. 
Keywords: Fuzzy logic, Mobile robot avoider, Omnidirectional vision 
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1. INTRODUCTION 
Current robot technology always involves in human role. Most 
of the field work slowly being replaced by robots. Robot avoider is 
one example of the development of robot technology which can 
be programmed to avoid obstacles [1]. To be able avoid 
obstacles, robot avoider requires a sense of vision in the form of 
sensor.  
The camera sensor basically has similar characteristics to the 
human visual perception. Like the human eye, the angles can be 
captured by the camera is similar to the human eye point of view 
that is the direction in which the camera is facing. To find out the 
circumstances surrounding the camera, The Omnidirectional 
Vision system is used. This system can provide an angle of 360° 
with a single image. The system can also be made by pointing the 
camera towards a convex mirror which can provide information 
such as distance, angle, object type and speed [2]. Setting the 
pace and movement of the robot requires a method to regulate 
the movement of the robot properly. In this paper, Sugeno Fuzzy 
Logic methods has been used  
2. THEORY 
A. Robot Avoider 
In general robot avoider designed using 3 distance sensors. 
But to design robot avoider that uses an omnidirectional vision 
system only requires one camera as a sensor. 
B. Digital Image 
The digital image is image data in a number representing the 
level of gray (image in black and white) or color coordinates (color 
image). In general, digital image has a certain length and width 
expressed in pixels, so that the image size is always rounded. 
Computers store only numerical data that show great intensity of 
each pixel. Digital image obtained through the sampling process 
three-dimensional object by an image capture system which then 
formed a matrix in which the elements value of the intensity of 
light [4]. 
C.  Fuzzy Logic 
Based on the theory of fuzzy logic could be worth a value of 
true and false simultaneously. The amount of truth and error 
values in fuzzy depending on the weight of its membership. Fuzzy 
logic has an advantage that had reasoning similar to human 
reasoning. This is because the fuzzy system has the ability to 
respond according to qualitative information, inaccurate and 
ambiguous [5]. A fuzzy rule-based system consists of three main 
components: Fuzzyfication, Inference and Defuzzyfication. The 
block diagram of the fuzzy rule-based system is shown in Fig 1. 
 
 
 
 
 
 
 
Fig.1 Block Diagram of Rule Based Fuzzy System 
3. METHODS 
In this study, the design of the system is divided into two main 
parts: hardware design and software design. Both parts are then 
integrated to produce a system that is interconnected. 
A. Hardware Design 
Hardware design phase is done in 2 stages: design robot 
avoider and camera placement and design of glass 
omnidirectional vision. There are several devices that are used in 
the design robot avoider using omnidirectional vision, namely 
wireless cameras, PC / Laptop, microcontroller and DC motors. 
Fig 2 shows the Block Design Robot avoider using 
omnidirectional vision.  
 
 
Fig. 2 Block Design Robot avoider using omnidirectional vision 
Wireless camera which is used as a sensor used to capture 
the image around and used as input. Images are captured are 
sent and processed directly on the computer. Computers are used 
to perform image processing to produce a pixel value. The pixel 
Wireless camera Laptop Robot 
Input 
Fuzzy Fuzzy 
Fuzzification Defuzzificatio
Output 
 
Decision-
Making 
Knowledge 
Base 
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values are then sent to the microcontroller on the robot avoider to 
be forwarded to the motor.  
The design of the camera position and the glass 
omnidirectional vision must be done accurately. This is done to 
get a proper perspective and spacious. The position of the camera 
facing up and placed on the side of the ring-shaped robot. While 
the convex mirror mounted just above the camera. The design of 
the camera position and the mirror can be seen in Fig 3.  
 
Fig.3. The design of the camera position and mirrors 
In a normal camera viewpoint is still not widely produced 
and still does not meet the data needs to capture the entire 
image environment, then the omnidirectional vision system 
is able to provide a field of view (FOV) is greater for the 
camera. 
B. Software Design 
Software design in this study consists of two parts, the design 
of the program for image processing and design of 
algorithm’s fuzzy logic. The block diagram for software 
design is shown in Fig 4. 
 
 
Fig. 4. Block Diagram of Software Design 
x Image Processing  
Stage image processing consists of several parts, among 
others, to get digital images (original), changing the original image 
into grayscale, change the image grayscale into a binary image by 
threshold method, the zoning and get the distance obstacle 
sensor. Stages of image processing stages can be seen in Fig 5. 
         
Fig. 5. The stages of image processing 
 
x Sensor Regional Distribution 
At this stage robot standpoint of 180° is divided into 3 
parts. Each section is divided into six laser angle to within 10° 
angle. Pictures of districts every 100 to the front can be seen 
in Fig 6. 
 
Fig. 6 Distribution region Each 10 Degrees Forward 
Fig 6 shows that there is a laser at a different angle laser blue, 
green and red. Blue laser sensors to indicate the left, a green 
laser for middle and red laser sensor to sensor right 
x Getting the distance obstacle 
After the distribution area and distance sensor carried 
obstacle has been obtained, the next step is to convert the values 
pixel to the centimeter to get the distance obstacle. To change the 
value of the pixel into centimeters on the sensor calibration 
process is required. Table 1 shows the results of test readings on 
the camera pixel value. 
Conversion to Binary by 
using method 
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TABLE 1. RESULTS OF TESTING READING VALUE PIXEL CAMERA 
The calibration process is done by reading the values pixel of 
each range used from a distance of 16 cm to 68 cm. This is done 
to generate a sensor output value in the form of the actual 
distance. A sensor calibration graph can be seen in Fig 7. 
 
 
Fig. 7. Graph of the calibration Sensor 
Based on the graph in Fig 7 is obtained an equation shown in 
(1), which is an exponential equation used to convert pixel values 
into a distance value (cm).  
 
Y = 5.9961 e0.0201x  (1) 
 
Where y is the distance and x is the pixel value.  
x Fuzzy Logic Algorithm 
Fuzzy logic is applied for controlling the motor on the robot 
avoider. Fig 8 shows the stages of the design of fuzzy logic 
algorithm.  
 
Fig. 8 Stages Design Algorithm’s Fuzzy Logic 
x The process of fuzzification  
The Process is performed to convert an input form definite 
value (crisp input) into fuzzy input (linguistic variables) is usually 
presented in the form of associations fuzzy with a membership 
function respectively. Of the three parts of the sensor area 
created three groups according to their function and purpose of 
each. The determination of the distance of the linguistic variables 
is done manually. Formation of a linguistic variable based on the 
input of the camera sensor can be seen in Table 2. 
 
TABLE 2. VARIABLE LINGUISTICS BY INPUT CAMERA SENSOR 
Distance 
(cm) 
Variable 
Linguistics 
Information  
0  to 45 Dekat (near) Dk 
18 to 67 Sedang (middle) Sd 
45 to 70 Jauh  (far) Jh 
 
According to Table 2 illustrates that the compilation fuzzy is 
determined by membership function is dekat, sedang, jauh. The 
Input membership function graph shown in Fig 9. 
 
Fig. 9 Graph Input Membership Function 
Based on the membership function as the formulation function 
as shown in (2) to dekat, (3) for sedang and (4) for jauh.
ߤ݀݁݇ܽݐሾݔሿ ൌ ൝
ͳݑ݊ݐݑ݇ݔ ൑ ͳͺ
ሺͶͷ െ ݔሻȀሺͶͷ െ ͳͺሻ ݑ݊ݐݑ݇ ͳͺ ൏ ݔ ൏ Ͷͷ
Ͳ ݑ݊ݐݑ݇ ݔ ൒ Ͷͷ
 (2) 
 
y = 5.9961e0.0201x
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ߤݏ݁݀ܽ݊݃ሾݔሿ ൌ ൞
Ͳ ݑ݊ݐݑ݇ ݔ ൐ ͳͺ
ሺݔ െ ͳͺሻȀሺͶͷ െ ͳͺሻ ݑ݊ݐݑ݇ ͳͺ ൏ ݔ ൏ Ͷͷ
ሺ͸͹ െ ݔሻȀሺ͸͹ െ Ͷͷሻ ݑ݊ݐݑ݇ Ͷͷ ൑ ݔ ൏ ͸͹
Ͳ ݑ݊ݐݑ݇ ݔ ൒ ͸͹
 (3) 
 
ߤ݆ܽݑ݄ሾݔሿ ൌ  ൝
Ͳ ݑ݊ݐݑ݇ ݔ ൏ Ͷͷ
ሺݔ െ ͶͷሻȀሺ͸͹ െ Ͷͷሻ ݑ݊ݐݑ݇ Ͷͷ ൑ ݔ ൏ ͸͹
ͳ ݑ݊ݐݑ݇ ݔ ൒ ͸͹
  4) 
 
TABLE 3. BASIS OF FUZZY LOGIC RULES DESIGNED 
Distance  Dekat 
(dt3) 
Sedang 
(sd3) 
Jauh 
(jh3) 
Dekat dekat C  L  C  L  C L 
Dekat 
sedang 
S S S L S L 
Dekat jauh C C S L S L 
Sedang 
dekat 
L L L L C L 
Sedang 
sedang 
L S S S S L 
Sedang jauh L S S S L S 
Jauh dekat L C L C S S 
Jauh 
sedang 
L S C L L L 
Jauh jauh L S S L C C 
L: Lambat(slow), C: Cepat(fast), S: Sedang(middle) 
 
 
x Rule Base  
In this study robot avoider has three parts of the sensor that 
is part of the front, left and right with three sets fuzzy. That is the 
rule base of these systems have a 27 basis rule. Table 3 shows 
the rule base on fuzzy logic systems are designed. 
x Mechanism Rules 
After designing the next rule base is to use regulatory 
mechanisms to generate fuzzy output. Mechanism rules using 
Sugeno method for the calculation process are suitable for use as 
a robot control to avoid the obstacle. Functional implications were 
used that operation Max-Min on the function of a specific 
membership and generate fuzzy output as shown in (5). 
 
μ (y) = max [min [ μA1(input (i)), μA2(input (j)), μA1(input (k)),…. ]]      (5) 
 
The set of fuzzy output in the form of regulatory mechanisms 
output singleton with a range 0 to 255 are mapped into 3 linguistic 
variables. The third variable is slow with a value singleton of 100, 
while the singleton 185 and fast with singleton 255. The graphical 
output of used in the operation Max-Min is shown in Fig 10 
 
Fig. 10 Graph output membership function 
x Defuzzification 
To determine the defuzzification process steps accomplished 
by using the equation Weight Average for the method of taking 
the average value using a weighted form of membership degree. 
Where equation for defuzzification shown in (6). 
ܹܲܯ ൌ  σఓሺ௬ሻ௬σఓሺ௬ሻ     (6) 
 
Where the PWM is output value, y is the value of crisp and 
μ(y) is the degree of membership of a values crisp y. 
4. RESULTS 
Tests were conducted in this study consists of several 
stages.  
A. Testing Laser Camera in 
Laser test is intended to determine the camera's performance 
in detecting obstacle with various angles obtained. Fig 11 shows 
the output of the camera to capture an object as an obstacle. 
From the test results corner, amounting to 18 in increments of 
movement every 100 starting from the point 00 up to 1800 at 
different distances. The sensor is able to know the whereabouts of 
a hindrance given black color. 
 
 
Fig. 11 Output Results Capture Camera Against Objects As obstacle 
The next test is done with a single point of laser range finders 
on each sensor area to ensure that the obstacle can be detected 
by the system that has been created. There are several tests 
performed on each of the sensors is in the sensor area left as 
seen in Fig 12.  
 
 
 
 
      
Fig. 12 Experiment Camera Sensor Detects Obstacles in the Left 
Fact distance between the robot with the obstacle on the left 
sensor is 39 cm and a pixel is read sensor is 94 pixels. To find the 
coordinates (x, y) at the pixel 94 with an angle of 30° is to do 
manual calculations using the (7) while to calculate the y 
coordinate used (8). 
x = cos (rad) * j   (7) 
y = tan (rad) * x   (8) 
Where j is valuing the pixel and rad is the radian (rad = (angle * 
phi) / 180°). 
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Based on the results of testing that has been done shows that 
the value of radians on coordinates (x, y) is 0523 x is 81 and y is 
47. So the point coordinates (x, y) from the value of the pixel 94 is 
a 30 ° angle (81, 47).  
In the second experiment performed obstacle detection stage in 
the middle sensor as seen in Fig 13 
 
Fig. 13 Experiment Camera Sensor Detects Obstacles In the Middle 
In the middle sensor testing, the actual distance between the 
robot obstacle is 36 cm and a pixel that is 90unreadable. Pixels 
Experiment Camera Image Sensor Detects Obstacles In The 
Right can be seen in Fig 14. 
   
 
 
Fig 14 Experiment Camera Detects Obstacles In The Right Sensor 
 
Test data on the right sensor for the actual distance between 
the robot obstacles is 34 cm and pixel read sensor is 87 pixels. To 
prove that the 87 pixels are 34 centimeters, then do the 
calculation using the equation y = 5.9961e0.0201x by y is the value 
of the distance in centimeters and x is the distance in pixels. The 
results obtained showed that the distance (y) worth 34.45 cm. 
Based on manual calculations show that the results obtained 
resemble the results of tests performed.  
In the fourth experiment performed on all parts of the 
obstruction detection sensors as shown in Fig 15. 
 
 
 
Fig. 15 Experiment Camera Detects Obstacles In each area 
sensor
Based on Figure 15 it can be seen that the hitch on each sensor 
area can be detected either by a system that has been created. 
This experiment proves that the designed system is able to run 
well. 
B. Robot Navigation System Testing 
Testing was conducted to determine the performance of 
fuzzy algorithm’s for navigation systems used on the robot. 
Testing is done by running the robot on track or corridor with 1 
round. The shape of the corridor to be used can be seen in Fig 
16. 
 
Fig. 16 The arena testing for testing robot motion 
Fig 16 shows that the state in which the location of the robot 
avoider move. Arena installed a black object in which the distance 
between the object with other objects as far as 60 cm. So  the 
object can be identified, then the object is given dark color. 
Background of the arena fitted with white or bright colors to 
produce contrast differences.  
To get the robot ideal trail then performed manual 
measurements and distance between obstacles. Figure 17 shows 
the robot's path is ideal in corridors 1 lap. 
 
   
Fig. 17 Form of the Ideal line robot movement 
Fig 17 is used as a reference for comparison of test results. 
The results that resemble the shape of the ideal track test results 
that most good. Test results of the first round of the corridor can 
be seen in Fig 18 and Fig 19. 
 
 
Fig. 18 Trajectory Experiment 1 Running Track 1 Round 
60 cm 
60 cm 
60 cm 
60 cm 
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Fig. 19 Trajectory Experiment 2 Tracks 1 Round Track 
To find out the test results was more similar to the ideal paths 
robot than used method of calculating the Euclidean distance, 
comparing the results of the test image with the image of the ideal 
robot's path. To calculate the distance Euclidian then used 
equation (9). 
 
݆ሺݒଵǡ ݒଶሻ ൌ ටσ ሺݒଵሺ݇ሻ െ ݒଶሺ݇ሻሻଶே௞ୀଵ  (9) 
 
Where v1 and v2 is two vectors (pixels) that the distance will be 
calculated and N denotes the length of vector (pixel). To compute 
the Euclidian distance on the results of experiments with the robot 
ideal path taken by trajectory of each. The results showed that the 
better or similar trajectory generated, then the distance is getting 
smaller. Fig 20 is the result of the comparison in the test 1. 
 
 
 
Fig. 20. The comparison Trajectory of Test 1 
 
Trajectory Comparison in Fig 20 shows that the results of 
Euclidian worth 75.796. Fig 21 is the result of the comparison 
Trackjectory on testing 2.  
 
Fig. 21. The comparison Trajectory Experiment 2 in this study 
 
Results Euclidian based on Fig 21 is 75.796. Having obtained 
the value of each Euclidian then so do the maximum value search 
Euclidian distance. Fig 22 shows the maximum value outcome 
Euclidian distance. 
 
Fig 22. Results of Euclidian distance maximum value 
 
Based on the maximum value Euclidian distance can be 
searched percentage yield comparisons to find out the results 
trajectory that more closely tracks ideal robot. The percentage 
value can be obtained using the equation "10" 
p = 100% - ((a/b) x100%)  (10) 
Where p is the percentage of similarity, a is the Euclidean 
distance, b is the maximum Euclidian distance 
By use of the (10) percentage trajectory similarity can be 
calculated so that in one experiment obtained a percentage of 
72.65% and for the calculation of the percentage of similarity in 
trial 2 was obtained 73.65%. Based on the percentage of the tests 
that have been done show that the similarity track actual robot 
approaching the ideal path. 
5. CONCLUSION 
Based on test results and observations on the robot avoider 
system uses system an omnidirectional vision can be concluded 
that the system can help reduce the amount of sensor on the 
robot. And the percentage of the system's success in detecting 
trajectory ideal of 73.15%. 
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1. INTRODUCTION 
 Software engineering is an engineering discipline which is 
concerned with all aspects of software production. In software 
engineering management, one of the critical issues is the 
selection of appropriate software life cycle model (SLCM) which is 
critical in the success of the project. The aim of SLCM selection is 
to enable all the efforts to be used efficiently in all phases of the 
project. SLCM selection can be considered as evaluating the 
specific needs and challenges of a project and then choosing the 
most appropriate model. The past decade has witnessed a few 
applications of fuzzy approach in software engineering studies. 
Decision making is part of our daily life. Many decision 
problems have multiple alternatives and criteria. An increase in 
number of alternatives and criteria makes it difficult to take a right 
decision. Because of this difficulty, research on how to solve such 
problems has been enormous. Multiple Attribute Decision Making 
(MADM) refers to making preference decisions over the available 
alternatives that are characterized by multiple, usually conflicting, 
attributes. The classical MADM methods, both deterministic and 
random processes, cannot effectively handle problems with such 
inaccurate and less precise information. Hence, Fuzzy Multiple 
Attribute Decision Making (FMADM) has provoked great interest 
in Decision Sciences, Systems Engineering, Management 
Science and Operations Research. 
Over the last few decades, fuzzy logic (FL) has been 
increasingly used in computer modeling research. Since Zadeh 
[12] published the fuzzy set theory as an extension of classic set 
theory, it has been widely used in many fields of application such 
as pattern recognition, data analysis, software engineering and 
system control. The unique characteristic of fuzzy set theory, in 
contrast to classic mathematics, is its operation on various 
membership functions (MF) instead of the crisp real values of the 
variables. This heuristic permits fuzzy theory to be a powerful tool 
whenever it handles imprecise data or ambiguous non - linear 
relationship between the variables. A wide range of applications 
of fuzzy set theory have emerged over the last few decades [1] - 
[14]  
Out of the several higher order fuzzy sets, intuitionistic fuzzy 
sets by Atanassov [2] have been found to be highly useful to deal 
with vagueness. Intuitionistic fuzzy set is described by two 
functions:  membership function and  non - membership function. 
Where all problems which are dealt with fuzzy set theory can be 
well dealt with intuitionistic fuzzy set theory, there may be many 
situations where fuzzy set theory cannot be suitably applied but 
intuitionistic fuzzy set theory can be, to make a more fair analysis.  
Till now, exact determination of the membership grades of the 
elements in a fuzzy set theory has been impossible. There are 
suggestions for the determination of membership grades; but all 
these are situation dependent and not so effective in dealing with 
different types of problems. The same problem arises in 
determining non - membership grades. A part of such estimation 
naturally remains in-deterministic. If the in-deterministic part is 
zero, intuitionistic fuzzy set theory coincides with the fuzzy set 
theory. The attempt here is to make available OIFS model in 
SLCM selection. The OIFSs [10] model is developed, some 
results on them are set forth and develop an algorithm for SLCM 
selection in five important software life cycle models. The paper is 
organised as follows. The background and model construction are 
introduced in sections 2 and 3, experiments and results are 
included in section 4 and a short conclusion in given in section 5.       
2. BACKGROUND 
Software has become the key element in the evolution of 
computer based systems and product.  A number of different 
process models for software engineering have been proposed, 
each exhibiting strengths and weaknesses, but all having a series 
of generic phases in common.  A process model for software 
engineering is chosen based on the nature of the project and 
application, the methods and tools to be used, and the controls 
and deliverables that are required. 
a) Waterfall Model 
This was the first model to come up in the early 70's. Being 
the earliest it was a linear sequential model and as such, 
considered to be a classical life cycle model. This basic model 
progressing from analysis, design, coding, testing, 
implementation and finally support still remains the most basic 
and most efficient model. The waterfall model is applied only if the 
system requirements are well defined. 
b) Incremental Model 
The incremental model is created by increments in each 
phase of the project. It combines waterfall model and prototyping. 
 354
ISBN 979-587-621-1
In this model a core product is put in to use for evolutional 
purpose or used by the customer. In the course of evaluation or 
application by the customer a plan is developed for an additional 
increment which could make the software more efficient. 
Additional features are thus added based on requirements and 
functionality. This accretions cease when the final product is 
arrived at. 
c) V Model 
This Model follows on the heels of the the waterfall 
model and as such imitates sequential path. It necessitates the 
completion of each step prior to the transition to the next step. 
d) Spiral Model  
The Spiral Model combines the prototyping and waterfall 
model. This model is divided into a number of framework 
activities, also called task regions usually between three and six 
viz., are customer communication, planning, risk analysis, 
engineering, construction and release and customer evaluation. 
This model is a realistic approach to the development of large 
scale systems and software. The spiral model has the advantage 
of taking in to consideration potential risk at all stages and 
thereby reduces the possibility of crashes. 
e)  Evolutionary Prototyping Model 
In this model we have a prototype which is continually refined 
until the perfect product is arrived at. The user is enabled to 
provide the feedback and make suggestions for change. The 
developer incorporates these in to the prototype. This becomes a 
continuous process till the prototype reaches completion. This 
model is more useful in cases where the developer is not fully 
aware of the requirements in advance. 
3. MODEL CONSTRUCTION 
In the proposed model, ordered intuitionistic fuzzy sets 
(OIFSs), ordered super intuitionistic fuzzy sets (OSIFs), ordered 
null intuitionistic fuzzy sets(ONIFSs), domination of two OIFSs 
and similarity measures of OIFSs are considered. 
Definition 1: An ordered intuitionistic fuzzy set in E is an object 
having the form  
ܣ௣ǡ௤ ൌ ቄۃݔǡ ൫ߤ஺ሺݔሻ൯
௣ǡ ൫ߥ஺ሺݔሻ൯
௤ۄቚݔ א ܧቅڮڮሺͳሻ 
where ݌ǡ ݍܰ and are called weighted indices of the set A. The 
functions ߤ஺
௣ǣ ܧ ՜ ሾͲǡͳሿ and ߥ஺
௤ǣ ܧ ՜ ሾͲǡͳሿ define the degree of 
membership and non–membership respectively of the element x 
to the set A.  
Also,  Ͳ ൑ ൫ߤ஺ሺݔሻ൯
௣ ൅ ൫ߥ஺ሺݔሻ൯
௤ ൑ ͳ, 
 ߨ஺೛ǡ೜ሺݔሻ ൌ ͳ െ ൫ߤ஺ሺݔሻ൯
௣ െ ൫ߥ஺ሺݔሻ൯
௤
 is called the ordered in-
deterministic part for x. Clearly, Ͳ ൑ ߨ஺೛ǡ೜ሺݔሻ ൑ ͳǤ If p = q =1, then 
ܣଵǡଵ is nothing but usual intuitionistic fuzzy set.  
 
Definition 2: If  ܣ௣ǡ௤ and ܤ௥ǡ௦ are two ordered intuitionistic fuzzy 
sets of the set E, then 
ܣ௣ǡ௤തതതതത ൌ  ቄۃݔǡ ǡ ൫ߥ஺ሺݔሻ൯
௤ǡ ൫ߤ஺ሺݔሻ൯
௣ۄቚݔ א ܧቅ 
ܣ௣ǡ௤ ת ܤ௥ǡ௦ ൌ ቄۃݔǡminቂ൫ߤ஺ሺݔሻ൯
௣ǡ ൫ߤ஻ሺݔሻ൯
௥ቃǡ 
maxቂ൫ߥ஺ሺݔሻ൯
௤ǡ ൫ߥ஻ሺݔሻ൯
௦ቃۄ ȁݔ א ܧሽ 
ܣ௣ǡ௤ ׫ ܤ௥ǡ௦ ൌ ቄۃݔǡmaxቂ൫ߤ஺ሺݔሻ൯
௣ǡ ൫ߤ஻ሺݔሻ൯
௥ቃǡ 
minቂ൫ߥ஺ሺݔሻ൯
௤ǡ ൫ߥ஻ሺݔሻ൯
௦ቃۄ ȁݔ א ܧሽ 
ܣ௣ǡ௤ ൅ ܤ௥ǡ௦ ൌ ቄۃݔǡ ൫ߤ஺ሺݔሻ൯
௣ ൅ ൫ߤ஻ሺݔሻ൯௥ 
െ൫ߤ஺ሺݔሻ൯
௣ ή ൫ߤ஻ሺݔሻ൯
௥ǡ ൫ߥ஺ሺݔሻ൯
௤Ǥ ൫ߥ஻ሺݔሻ൯
௦ۄȁݔ א ܧሽ 
ܣ௣ǡ௤ ή ܤ௥ǡ௦ ൌ ቄۃݔǡ ൫ߤ஺ሺݔሻ൯
௣ ή ൫ߤ஻ሺݔሻ൯
௥ǡ 
൫ߥ஺ሺݔሻ൯
௤ ൅ ൫ߥ஻ሺݔሻ൯
௦ െ ൫ߥ஺ሺݔሻ൯
௤Ǥ ൫ߥ஻ሺݔሻ൯
௦ۄȁݔ א ܧሽ 
Definition 3: An ordered intuitionistic fuzzy set ܵ௧ǡ௨ of  X  is said to 
be the ordered super intuitionistic fuzzy set of  X  if ൫ߤௌሺݔሻ൯
௧ ൌ
ͳǡ ൫ߥௌሺݔሻ൯
௨ ൌ Ͳܽ݊݀ߨே೟ǡೠሺݔሻ ൌ Ͳǡ ׊ݔ א ܺǤ  
Definition 4:An ordered intuitionistic fuzzy set ௧ܰǡ௨ of  X  is said 
to be the ordered null intuitionistic fuzzy set of X  if 
൫ߤேሺݔሻ൯
௧ ൌ Ͳǡ ൫ߥேሺݔሻ൯
௨ ൌ ͳܽ݊݀ߨே೟ǡೠሺݔሻ ൌ Ͳǡ ׊ݔ א ܺǡ where X be 
the set of all OIFSs.  
Similarity measures between OIFSs, as an important content 
in fuzzy mathematics, have gained attention from researchers for 
their wide applications in real world. Let     Фሺܺሻ be the set of all 
ordered intuitionistic fuzzy sets of X. Let  ܣ௣ǡ௤ǡ ܤ௥ǡ௦ Фሺܺሻ be two 
ordered intuitionistic fuzzy sets, where  ݌ǡ ݍǡ ݎǡ ݏ ܰ. Let ௗܶ௞ be 
the different similarity measures such that ௗܶ௞ ׷  ൫Фሺܺሻ൯ଶ ՜
ሾͲǡͳሿ for݇ ൌ ͳǡ ʹand 
ݓ ൌ ݌ ൅ ݍ ൅ ݎ ൅ ݏǤ 
 
Definition 5: 
ௗܶభ
௣ǡ௤ǡ௥ǡ௦൫ܣ௣ǡ௤ǡ ܤ௥ǡ௦൯ ൌ ͳ െ 
ଵ
ଶ௡ ܨ ......................  (2)  
where, 
                                                                                      
ܨ ൌ෍൤ȁܯሺ௣ǡ௥ሻሺ݅ሻȁ
ሺ௣ା௥ሻ
ଶ ൅ ȁܰሺ௤ǡ௦ሻሺ݅ሻȁ
ሺ௤ା௦ሻ
ଶ ൅ หܫሺ௣ǡ௤ǡ௥ǡ௦ሻሺ݅ሻห
௪
ସ ൨
௡
௜ୀଵ
 
ܯሺ௣ǡ௥ሻሺ݅ሻ ൌ ൫ߤ஺ሺݔ௜ሻ൯
௣ െ ൫ߤ஻ሺݔ௜ሻ൯
௥ǡ 
ܰሺ௤ǡ௦ሻሺ݅ሻ ൌ ൫ߥ஺ሺݔ௜ሻ൯
௤ െ ൫ߥ஻ሺݔ௜ሻ൯
௦ǡ 
ܫሺ௣ǡ௤ǡ௥ǡ௦ሻሺ݅ሻ ൌ ߨ஺೛ǡ೜ሺݔ௜ሻ െ ߨ஻ೝǡೞሺݔ௜ሻ  and ݊ is the number of  
parameters  of the system. If ݎ ൌ ݌ and   ݏ ൌ ݍ, then 
 
ௗܶభ
௣ǡ௤൫ܣ௣ǡ௤ǡ ܤ௣ǡ௤൯ ൌ ͳ െ
ଵ
ଶ௡ ܭ............................(3) 
ܭ ൌ σ ሾȁ௡௜ୀଵ ܯሺ௣ǡ௣ሻሺ݅ሻȁ௣ ൅ ȁܰሺ௤ǡ௤ሻሺ݅ሻȁ௤ ൅  ȁܫሺ௣ǡ௤ሻሺ݅ሻȁ
೛శ೜
మ ሿ  
 
Definition 6: 
 
ௗܶమ
௣ǡ௤ǡ௥ǡ௦൫ܣ௣ǡ௤ǡ ܤ௥ǡ௦൯ ൌ ͳȂට
௄భ
௄మ
    ........................(4)  
 where, 
 
ܭଵ ൌ෍൤ȁܯሺ௣ǡ௥ሻሺ݅ሻȁ
ሺ௣ା௥ሻ
ଶ ൅ ȁܰሺ௤ǡ௦ሻሺ݅ሻȁ
ሺ௤ା௦ሻ
ଶ ൅ หܫሺ௣ǡ௤ǡ௥ǡ௦ሻሺ݅ሻห
௪
ସ ൨
௡
௜ୀଵ
 
ܭଶ ൌ෍൤ȁܧሺ௣ǡ௥ሻሺ݅ሻȁ
ሺ௣ା௥ሻ
ଶ ൅ ȁܨሺ௤ǡ௦ሻሺ݅ሻȁ
ሺ௤ା௦ሻ
ଶ ൅ หܩሺ௣ǡ௤ǡ௥ǡ௦ሻሺ݅ሻห
௪
ସ ൨
௡
௜ୀଵ
 
ܧሺ௣ǡ௥ሻሺ݅ሻ ൌ  ൫ߤ஺ሺݔ௜ሻ൯
௣ ൅ ൫ߤ஻ሺݔ௜ሻ൯
௥ǡ 
ܨሺ௤ǡ௦ሻሺ݅ሻ ൌ  ൫ߥ஺ሺݔ௜ሻ൯
௤ ൅൫ߥ஻ሺݔ௜ሻ൯
௦ǡ 
ܩሺ௣ǡ௤ǡ௥ǡ௦ሻሺ݅ሻ ൌ π୅౦ǡ౧ሺݔ௜ሻ ൅ ߨ஻ೝǡೞሺݔ௜ሻǤ 
If ݎ ൌ ݌ and  ݏ ൌ ݍ, then 
 
ௗܶమ
௣ǡ௤൫ܣ௣ǡ௤ǡ ܤ௣ǡ௤൯ ൌ ͳȂට
௄భ
௄మ
    ...........................(5) 
where, 
  
ܭଵ ൌ෍ቈȁܯሺ௣ǡ௣ሻሺ݅ሻȁ௣ ൅ ȁܰሺ௤ǡ௤ሻሺ݅ሻȁ௤ ൅ หܫሺ௣ǡ௤ሻሺ݅ሻห
௣ା௤
ଶ ቉
௡
௜ୀଵ
 
ܭଶ ൌ෍ቈȁܧሺ௣ǡ௣ሻሺ݅ሻȁ௣ ൅ ȁܨሺ௤ǡ௤ሻሺ݅ሻȁ௤ ൅ หܩሺ௣ǡ௤ሻሺ݅ሻห
௣ା௤
ଶ ቉
௡
௜ୀଵ
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Remark 1 : Ͳ ൑ ௗܶೖ
௣ǡ௤ǡ௥ǡ௦൫ܣ௣ǡ௤ǡ ܤ௥ǡ௦൯ ൑ ͳ. 
 
Remark 2. : ௗܶೖ
௣ǡ௤ǡ௥ǡ௦൫ܣ௣ǡ௤ǡ ܤ௥ǡ௦൯ ൌ ௗܶೖ
௣ǡ௤ǡ௥ǡ௦൫ܤ௥ǡ௦ǡ ܣ௣ǡ௤൯Ǥ 
 
Remark 3: ௗܶೖ
௣ǡ௤ǡ௥ǡ௦൫ܣ௣ǡ௤ǡ ܤ௥ǡ௦൯ ൌ ͳ if and only if ܣ௣ǡ௤ ൌ ܤ௥ǡ௦. 
i.e., ൫ߤ஺ሺݔ௜ሻ൯
௣ ൌ ൫ߤ஻ሺݔ௜ሻ൯
௥
 and ൫ߥ஺ሺݔ௜ሻ൯
௤ ൌ ൫ߥ஻ሺݔ௜ሻ൯
௦
 for any ݔ௜ א
ܧǤ  
 
Definition 7:  For any two ordered intuitionistic fuzzy sets 
ܣ௣ǡ௤andܤ௥ǡ௦  of E, Ap,q is said to dominateܤ௥ǡ௦ if ௗܶೖ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡ ܣ௣ǡ௤൯ ൒
ௗܶೖ
௧ǡ௨ǡ௥ǡ௦൫ܵ௧ǡ௨ǡ ܤ௥ǡ௦൯ǤThe ordered super intuitionistic fuzzy set ܵ௧ǡ௨ 
clearly dominates all over the ordered  intuitionistic fuzzy sets of  
X. 
3.1 Similarity measure algorithm 
This algorithm computes the similarity measures between OIFSs. 
1. Identifying relevant parameters ൫ ௝ܲ൯Ǥ 
2. Identifying appropriate Models ൫ܯ௜൯ 
3.  Constructing  ordered  intuitionistic  fuzzy set  ܯ௣ǡ௤௜ ൌ
൜ۃ ௝ܲǡ ൬ߤெ೛ǡ೜೔ ൫ ௝ܲ൯൰
௣
ǡ ൬ߥெ೛ǡ೜೔ ൫ ௝ܲ൯൰
௤
ۄ ฬ ௝ܲ א ܲൠ 
4. Calculating ߨெ೛ǡ೜೔ ൫ ௝ܲ൯Ǥ 
5.Calculating  ௗܶೖ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤௜ ൯  for k = 1, 2. 
6. Find Ai for which  ௗܶೖ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤௜ ൯ ൌ

୧
ቂ ௗܶೖ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤௜ ൯ቃ for k= 1, 2. 
7.If ܯ௜ is not unique, choose that one corresponding to which 
ߨெ೛ǡ೜೔ ൫ ௝ܲ൯ ൌ σ ߨெ೛ǡ೜೔ ൫ ௝ܲ൯
௠
௜ୀ଴  is maximum 
           8.The optimal is ܯ௜. 
 
4.  EXPERIMENT AND RESULT 
Here we present an application for the selection of an 
SLCM based on the proposed model. Having taken advise from 
the well informed in the field and keeping in mind the specific 
needs of the project five SLCM variants are proposed. These 
models are Spiral Model, V Model, Evolutionary Prototyping 
Model, Incremental Model and Waterfall Model which are denoted 
by M1, M2, M3, M4  and M5. The three main criteria are people, 
process and technical. The people criterion has better 
manageability, user involvement and feedback and cost as sub-
criteria. The sub-criteria of the process are complexity, criticality, 
flexibility, reusability and documentation and software quality. 
Technical criterion has requirements management, testing and 
integration, focus on design and architecture and formal reviews 
as sub-criteria. A committee of four decision makers (D1, D2, D3 
and D4) is formed to assess and select the most suitable SLCM. 
The team members are the project manager, the project 
leaders(2) and software architect. The proposed model involves 
five software engineering paradigms and 12 parameters.  
The parameter set  
ܧ ൌ  ଵܲǡ ଶܲǡ ଷܲǡ ସܲǡ ହܲǡ ଺ܲǡ ଻ܲǡ ଼ܲ ǡ ଽܲǡ ଵܲ଴ǡ ଵܲଵǡ ଵܲଶሽrespectively denotes 
Ease of management, User involvement and feedback, Cost, 
Complexity, Criticality, Flexibility, Reusability, Documentation and 
software quality, Testing and integration, Focus on design and 
architecture, Requirements management and Formal reviews. 
The ordered intuitionistic fuzzy sets are  
{ P1}={ M1 /((0.7)2, (0.1)1), M2 / ((0.6)1, (0.2)2), M3 / ((0.6)2, (0.2)2), 
M4 /((0.9)2,(.05)1), M5 / ((0.5)2, (.25)2)}, 
{ P2}={ M1 / (0.71, .192), M2 / (0.81, 0.13), M3 / (0.93, 0.052), M4 / 
(.61, .332), M5 / (0.92, .051)}, 
{ P3}={ M1 / (0.81, 0.11), M2 / (0.81, 0.13), M3 / (11, 0), M4 / (0.72,  
0.191), M5 / (0.82, 0.11) }, 
{ P4}={ M1 / (0.92, 0.051), M2 / (0.91, 0), M3 / (11, 0), M4 / (0.81, 0.12), 
M5 / (0.92, 0.051)}, 
{ P5}={ M1 / (11, 0), M2 / (0.52, 0.11), M3 / (11, 0), M4 / (0.52, 0.31), 
M5 / (0.52, 0.31)}, 
{ P6}={ M1 / (0.52, 0.41), M2 / (11, 0), M3 / (11, 0), M4 / (0.52, 0.42), 
M5 / (0.52, 0.41)}, 
{ P7}={ M1 / (0.52, 0.41), M2 / (0.61, 0.22), M3 / (11, 0), M4 / (0.42, 
0.422), M5 / (0.92, 0.051)}, 
{ P8}={ M1 / (0.81, 0.11), M2 / (0.81, 0.13), M3 / (11, 0), M4 / (0.72, 
.191), M5 / (0.82, 0.11) }, 
{ P9}={ M1 / (11, 0), M2 / (0.52, 0.11), M3 / (11, 0), M4 / (0.52, 0.31), 
M5 / (0.52, 0.31)}, 
{ P10}={ M1 / (0.52, 0.41), M2 / (0.61, 0.22), M3 / (11, 0), M4 / (0.42, 
0.422), M5 / (0.92, 0.051)},, 
{ P11}={ M1 / (0.72, 0.11), M2 / (0.61, 0.22), M3 / (0.62, 0.22), M4 / (.92, 
.051), M5 / (0.52, .252)}, 
{ P12}={ M1 / (0.52, 0.41), M2 / (11, 0), M3 / (11, 0), M4 / (0.52, 0.42), 
M5 / (0.52, 0.41)}. 
 
The output of the similarity measures are 
ௗܶభ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଵ ൯ =  0.6755, ௗܶభ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଶ ൯ =  0.7736,  
ௗܶభ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଷ ൯ =  0.9173, ௗܶభ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ସ ൯ =  0.5817, 
ௗܶభ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ହ ൯ =  0.6345, ௗܶమ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଵ ൯ =  0.4469, 
ௗܶమ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଶ ൯ = 0.5179,  ௗܶమ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ଷ ൯ =  0.7241, 
ௗܶమ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ସ ൯ =  0.3632, ௗܶమ
௧ǡ௨ǡ௣ǡ௤൫ܵ௧ǡ௨ǡܯ௣ǡ௤ହ ൯ =  0.4396. 
 
From all similarity measures, we get,   
 M3  > M2  > M1  > M5  > M4 . 
Evolutionary Prototyping  >  V Model >  Spiral  >  Incremental 
Model  >  Waterfall Model. 
A. Analysis 
     The similarity measure, Tdk t, u, p, q  (St,u, M ip, q )  is analyzed on 
the lime light of its reliability factor. The two different similarity 
measures based on the ordered intutionistic fuzzy set, always 
gives a reliable single value, since our parameters are chosen in 
such a way that they play a vital role in SLCM selection. 
      Basically in Tdk t, u, p, q  (St,u, M ip, q ), we choose  t = u = 1. Since 
the weighted indices of an ordered super intutionistic fuzzy set is 
unity, i.e., t  and  u  are always consistent. But  p  and  q varies in 
different situations. Therefore  p  and q  are not consistent. Value 
of p  and q are termed as assurance order of models  M ip, q 
(compared with  St,u  ). Tdk t, u, p, q  (St,u, M ip, q ) leads to the 
conclusion that for higher values of p, the membership value is 
decreasing. At the same time the non - membership value is 
increasing for the smaller values of  q, i.e., as  p increases  q  
decreases and vice - versa. This helps the investigator to arrive at 
more important conclusions. 
5. CONCLUSION 
  The output shows that the Evolutionary Prototyping 
model has maximum Tdk t, u, p, q (St,u, Mp, qi ) and hence it is the best 
model among the alternative models. The study is intended to 
enable researchers all over the world  to do more substantial 
studies in similar fields. More substantial improvement certainly 
should be pursued through further research to improve the 
multiple attribute decision making problems at greater lead times. 
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MISION 
To Professionally Manage Environmentally Sound Geothermal operations and Business 
Portfolio and Provides Added Values to the Stakeholders 
Pertamina Geothermal Energy (PGE), a subsidiary of PT Pertamina (Persero), was 
established in 2006 as mandated by the government to develop 15 Geothermal Business 
Working Areas in Indonesia. 
Office : Menara Cakrawala Lt 11, Jl. MH. 
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Indonesia's leading coal producer for global needs, delivering optimum values to all stakeholders 
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  Fostering a culture that considers health, safety and environment in everything do 
  Maintaining good corporate governance and promoting good corporate citizenship 
  Providing an environment for learning to achieves excellence and improve livelihood 
  Optimising value for all stakeholders 
We are a coal mining company located in the region Sangatta, East Kalimantan, Indonesia. We operate of 
the largest open-pit Mining in the world. 
 
KPC manages a mining area of 90,938 hectares. Supported by more than 5,200 employees and 21,500 
personnel from contractors and associated companies, KPC production capacity reaches more than 50 
million tonnes per year. 
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